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wherein X is O or §~(0\ ; n is one or two ; m is zero or one ; Y is CH 2 , O, or S-(OX provided that Y is O or 

^ S-(0)t only when m is one ; and A is 

» R! -S-(CH^C^^ or R700c _ (CHi)q _ c _ | l_ 

(O R12 Ri R i2 Ri 

° are dual inhibitors of NEP and ACE. Compounds wherein A is 

Q. 

UJ 
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R7OOC — CH — r 4 — p— 

I or I 

are selective ACE inhibitors. Also disclosed are methods of preparation and intermediates. 
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This invention is direct d to novel compounds containing a fused bicyclic ring which ar useful as angio- 
tensin converting enzyme inhibitors. Some of these compounds also possess neutral endopeptidas inhibitory 
activity. This invention is also directed to pharmaceutical compositions containing such s lective or dual action 
inhibitors and the m thod of using such compositions. This inv ntion is also directed to the process for pre- 
paring such novel compounds, nov I intermediates, and processes for preparing such intermediates. 

The novel fused bicyclic inhibitors of this invention include those compounds of the formula 

(I) 



10 



15 



20 



25 



30 



35 



40 




and pharmaceutical^ acceptable salts thereof wherein: 
A is 



0 
It 



r : — s— (ch : ryC— e- 

R 12 R, 



R 7 OOC— (CH 2 ) q — C^— C — ' R7OOC — CH 
R X2 Ri 



or 



0 

II 

R4-P — 
OR 5 



XisOorS-(0)t; 

R t and R 12 are independently selected from hydrogen, aikyl, alkenyi, cydoalkyl, substituted alkyl, sub- 
stituted alkenyl, aryl, substituted aryl, heteroaryl, cydoalkyl-alkylene-, aryi-alkylene-, substituted aryl- 
45 alkylene-, and heteroaryl-alkylene- or R, and R 12 taken together with the carbon to which they are attached 
complete a cydoalkyl ring or a benzofused cydoalkyl ring; 

R 2 is hydrogen. 



50 O 

0 

R € C 

or R ir S- ; 

55 R 3 , R 5 and R 7 are independ ntly selected from hydrogen, alkyl, substituted alkyl, aryi-(CH 2 ) p -, substi- 

tuted aryKCHJp-, het roaryHCH^p- , 
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— CH — o — C — R 5 , and 



10 R4 is alkyl, cydoalkyHCHJp-, substituted alkyl, ary\-{CH^ t substituted aryHCHJp-, or heteroaryl- 

Re is alkyl, substituted alkyl, cycloalkyl-(CH2)p-, aryHCH^p-, substituted aryKCHJp-, or heteroaryi- 
(CHJp-; 

Re is hydrogen, lower alkyl, cycloalkyl, or phenyl; 
15 Rg is hydrogen, lower alkyl, lower alkoxy, or phenyl; 

R10 is lower alkyl or aryKCH^p-; 

Rn is hydrogen, alkyl, substituted alkyl, cydoalkyKCHJp-, aryKCHJp-, substituted aryHCH^p-, het- 
eroary!-(CH2)p- ( or -S-R 1t completes a symmetrical disulfide wherein Rn is 




20 



0 
II 

25 -<CH 2 ) r "C^C 

R12 R: 

m is zero or one; 

30 Y is CH 2 , S-(0)t or O provided that Y is S-(0)t or 0 only when m is one; 

n is one or two; 

p is zero or an integer from 1 to 6; 
q is zero or an integer from 1 to 3; 
r is zero or one; and 
35 t is zero, one, or two. 

The term "alkyl" refers to straight or branched chain radicals having up to seven carbon atoms. The term 
"lower alkyl" refers to straight or branched radicals having up to four carbon atoms and is a preferred subgroup- 
ing for the term alkyl. 

The term "substituted alkyl" refers to such straight or branched chain radicals of 1 to 7 carbons wherein 
40 one or more, preferably one, two, or three, hydrogens have been replaced by a hydroxy, amino, cyano, halo, 
trifluoromethyi, -NHflower alkyl), -N(lower alkyl) 2 , lower alkoxy, lower alkylthio, orcarboxy. 

The terms "lower alkoxy" and "lower alkylthio" refer to such lower alkyl groups as defined above attached 
to an oxygen or sulfur. 

The term "cycloalkyl" refers to saturated rings of 3 to 7 carbon atoms with cyclopropyi, cyclobutyl, cydo- 
45 pentyl, and cydohexyl being most preferred. 

The term "alkenyl" refers to straight or branched chain radicals of 3 to 7 carbon atoms having one or two 
double bonds. Preferred "alkenyl" groups are straight chain radicals of 3 to 5 carbons having one double bond. 

The term "substituted alkenyl" refers to such straight or branched radicals of 3 to 7 carbons having one or 
two double bonds wherein a hydrogen has been replaced by a hydroxy, amino, halo, trifluoromethyi, cyano, 
50 -NH(lower alkyl), -N(lower alkyl) 2 , lower alkoxy, lower alkylthio, or carboxy. 

The term "alkylene" refers to straight or branched chain radicals having up to seven carbon atoms, 
i.e. -CH 2 - ( -<CH2)r. -(CH 2 ) r , -(CH 2 ) 4 -, 




55 



■CH— CH- 

CH; 



— CH- 

1 

CH 3 



4 
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etc. 

Th term "aryT refers to phenyl, 1-naphthyl, and 2-naphthyl. The term "substituted aryl" refers to ph nyl, 
1-naphthyl, and 2-naphthyl having a substrtuent selected from low r alkyl, lower alkoxy, lower alkylthio, halo, 
hydroxy, trifluoromethyl, amino, -NH(lower alkyi), or -N(low r alkylfe, and di- and tri-substituted phenyl, 1- 
5 naphthyl, or 2-naphthyl wherein said substituents are selected from m thyl, m thoxy, m thylthio, halo, hy- 
droxy, and amino. 

The term "heteroaryT refers to unsaturated rings of 5 or 6 atoms containing one or two O and S atoms 
and/or one to four N atoms provided that the total number of hetero atoms in the ring is 4 or less. The heteroaryl 
ring is attached by way of an available carbon or nitrogen atom. Preferred heteroaryl groups include 2-, 3-, or 

10 4-pyridyl f 4-imtdazolyl, 4-thiazolyl, 2- and 3-thienyl, and 2- and 3-furyl. The term heteroaryl also includes bi- 
cyclic rings wherein the five or six membered ring containing O, S, and N atoms as defined above is fused to 
a benzene or pyridyl ring. Preferred bicyclic rings are 2- and 3-indoJyl and 4- and 5-quinolinyl. The mono or 
bicydic heteroaryl ring can also be additionally substituted at an available carbon atom by a lower alkyl, halo, 
hydroxy, benzyl, or cydohexylmethyl. Also, if the mono or bicyclic ring has an available N-atom such N atom 

15 can also be substituted by an N-protecting group such as 

— CH 2 -O -CH- — (0^ - -S0 2 — ^^-CH 3 . 



20 



25 



30 



35 



40 



45 



50 



2,4-dinitrophenyl, lower alkyl, benzyl, or benzhydryl. 
The compounds of formula I wherein 

A is 

II II 

Rr-c— s — (CH 2 ) r — c— c — . 

Rl2 Ri 

X is O or S, and Y is CH 2l O, or S can be prepared by coupling the acylmercapto containing sidechain of the 
formula 



(II) 



0 o 

II I 

R3-C — S (CH 2 ) r — — C — OH 

R12 Ri 



with a fused bicyclic ring compound of the formula 
(III) 




COOR 3 



to give th product of the formula 



55 



5 



(IV) 
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R€«C-S-(CH 2 ) r -C v -C — 



12 Ri H H 4 



to 



C00R 3 



wherein R 3 is hydrogen, or an acid protecting group such as methyl, ethyl, t-butyi, or benzyl. The above reaction 

can be performed in an organic solvent such as methylene chloride and in the presence of a coupling reagent 

such as 1-ethyl-3-(3-dimethylaniinopropyl)carbodiimide, dicylcohexylcarbodiimide, benzotriazol-1-ytoxyt- 
15 ris(dimethylamino)phosphonium hexaf luorophosphate, or carbom/idiimidazole. Alternatively, the acylmercap- 

to carboxylic acid of formula II can be converted to an activated form prior to coupling such as an acid chloride, 

mixed anhydride, symmetrical anhydride, activated ester, etc. 

The product of formula IV can be converted to the mercaptan product of formula I wherein R 2 is hydrogen 

and R 3 is hydrogen by methods known in the art For example, when Ra is methyl and R 3 is methyl or ethyl 
20 treatment with methanolic sodium hydroxide followed by aqueous acid yields the products wherein R 2 and R 3 

are hydrogen. 

The products of formula I wherein R 2 is hydrogen can be acylated with an acyi halide of the formula 



0 
II 

R6— C— halo 

wherein halo is F, CI or Br or acylated with an anhydride of the formula 
(VI) 

0 0 

II y 

Rg— C O C R 6 

to give other products of formula I wherein R 2 is 



25 



(V) 



30 



35 



0 
II 

The products of formula I wherein R 2 is -S-Rn and Rn is alkyl, substituted alkyt, cydoalkyKCHJp-, aryl- 
(CHJp-, substituted aryHCHJp-, or heteroaryHCH^p- can be prepared by reacting the products of formula I 
wherein R 2 is hydrogen with a sulfonyl compound of the formula 
45 (VII) HsC-SOz-S-Ru 

in an aqueous alcohol solvent to yield the desired products. The compounds of formula VII are known in the 
literature or can be prepared by known methods, see for example, Smith et al., Biochemistry, 14, p 766 - 771 
(1975). 

The product of formula I wherein R 2 is SH can be prepared by reacting the product of formula I wherein 
so R 2 is hydrogen with a compound of formula VII wherein R„ is triphenyl methyl or trialkylsilyl followed by removal 
of the triphenyimethyt or trialkylsilyl group under acidic conditions. 

The symmetrical disulfide products of formula I can be prepared by direct oxidation of the product of for- 
mula I wherein R 2 is hydrog n with iodine according to known procedures, see, for example, Ondetti et al. U.S. 
Patent 4,105,776. 

55 The acylmercapt sidechain comp unds of formula II wherein R 12 is hydrogen are describ d in the litera- 
ture. See, f r xample, Ondetti et al. U.S. Patents 4,105,776 and 4,339,600, Haslang r et al. U.S. Patent 
4,801,609, Delaney etal. U.S. Patent 4,722,810, etc. 

The acylmercapto sidechain compounds of formula II wherein R 1 and R 12 are both other than hydrogen 
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and r is zero can be prepared by reacting the substituted carboxyiic acid of the formula 

(VIII) 



O 
II 

HC-C-OH 



\ 



R 12* R, 

10 1 



15 



20 



30 



35 



45 



50 



55 



with bisfl(4-methoxy)phenyl]methyldisulf ide in the presence of lithium diisopropyiamide to give the compound 
of the formula 



(IX) 



h 3 co— / c*ys — H 2 c-s-c-c-oH 

Rl2 R x 




Treatment of the compound of formula IX with strong acid such as trifluoromethanesulfonic acid removes the 
methoxybenzyi protecting group and is followed by acylation with the acyi halide of formula V or anhydride of 
25 formula VI to give the compound of formula II wherein and R 12 are both other than hydrogen and r is zero. 
Alternatively, the substituted carboxyiic acid of formula VIII can be reacted with lithium diisopropyl amide 
and sulfur to give the mercaptan of the formula 



(X) 



O 
II 

HS — ~C; C OH 



R 



The mercaptan offormulaXcan then be acylated with the acyl halide of formula V or the anhydride of formula 
VI to give the compound of formula II wherein R A and R 12 are both other than hydrogen and r is zero. 

The acylmercapto sidechain compounds of formula II wherein R, and R 12 are both other than hydrogen 
40 and r is one can be prepared by reacting the substituted carboxyiic acid of the formula 



(XI) 



0 
II 

HO- CH 2 — C OH 

R i2 Ri 

with para-toluenesulfonyl chloride in pyridine to give the lactam of the formula 
(XII) 




R l2 
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Treatment of the lactam of formula XII with a cesium thioacid of the formula 
(XIII) 

ft 

CS S— C— R 6 

in the presence of dimethyiformamide yields the desired acylmercapto sidechain of formula II wherein R, and 
10 R 12 are both other than hydrogen and r is one. 
The compounds of formula I wherein A is 



15 



II 



R7OOC — (CH 2 ) — C^C — 

R 12 R r 

20 X is 0 or S, and Y is CH 2 , O f or S can be prepared by coupling the acid of the formula 

(XIV) 



25 

R7OOC — (CH 2 ) q — C ~ C - OH 
R 12 R x 

30 wherein R 7 is an acid protecting group with the fused bicyclic ring compound of formula III in the presence of 
a coupling reagent as defined above to give the product of the formula 

(XV) 

35 

x> 



40 R7OOCMCH2) 



R l2 R, H COOR3 



Alternatively, the acid of formula XIV can be converted to an activated form such as an acid chloride prior to 
45 the coupling reaction. 

The acids of formula XIV are described by Warshawsky et al. in European Patent Application 534,396 and 
534,492. 

The compounds of formula I wherein A is 

so 

R7OOC — CH — 



R 



55 X is 0 or S, and Y is CH 2 , 0, or S can be prepared by reacting a keto acid or ester of the formula 
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(XVI) 

O 0 

II II 

R 7 0— C-C— R a 

5 

with a fused tricyclic ring compound of formula III under reducing conditions to give the product of the formula 
(XVII) 

10 



R70-C-CH 

1$ 



Rl H O * 

° COOR3 



The keto acids and esters of formula XVI are described in the literature. See, for example, Ruyte U.S. Pa- 
20 tent 4,584,294 and Parsons et al. U.S. Patent 4,873,235. 

Alternatively, the fused b icy die ring compound formula III can be reacted with a trifiate of the formula 

(XVIII) 

0 0SO->CF 3 

ii" 

R7O C CH R : 

to give the product of formula XVII. 
30 The compounds of formula I wherein A is 

0 
II 

R 4 — P — 

35 | 

OR 5 

X is O or S, and Y is 

CH2, O or S can be prepared by coupling a phosphonochloridate of the formula 

40 

(XIX) 

0 
II 

R 4 — P-Cl 



45 



0R 5 

wherein R 5 is lower alkyl or benzyl with a fused bicyciic ring compound of formula III to give the product of the 
formula 

50 

(XX) 



55 
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Preferably, R 3 in the compound of formula III is lower aikyl or benzyl. The R 3 and R 5 acid protecting groups 
can then be removed, for xample, by hydrog nation to give the corresponding products of formula I wherein 
R 3 and Rs are hydrogen. 

Th phosphonochloridates of formula XIX are known in the literature. See, for exampl , Karanewsky et 
5 al. U.S. Patents 4,432,971 and 4,432,972 and Karanewsky U.S. Patent 4,460,579. 

The products of formula I wherein either X or Y or both are S-(0\ and t is one or two can be prepared by 
oxidation of the compounds of formulas IV, XV, XVII, or XX with a known oxidizing reagent such as meta chlor- 
operbenzoic acid, peracetic acid, monoperoxyphthalic acid, magnesium salt hexahydrate, eta By controlling 
the amount of oxidizing reagent and the time of the reaction, the products are obtained wherein t is one or 
10 two. 

The ester products of formula I wherein R5 or R 7 is 



0 



15 




20 

can be prepared by treating the corresponding compounds of formula I wherein Rs or R 7 is hydrogen and R3 
is an acid protecting group with a compound of the formula 

25 (XXD 

0 



30 




wherein L is a leaving group such as chloro, bromo, or tolytsulfonyloxy followed by removal of the R 3 acid pro- 
35 tecting group. 

The ester products of formula I wherein R 3 is 



A 



AO 

0 

11 or -0 

CH-O- C R 9 

I -CK-.- 

*• 

can be prepared by treating the corresponding compounds of formula I wherein R 3 is hydroaen and R 2 is 




50 



0 
ft 

R*— C — 



with a compound of formula XX). 
55 Th fused bicyclic ring compounds of formula III can be prepared according to the following proc sses 
which also form part of this invention. For example, when Y is CH 2 an N-protected amino acid of the formula 



10 
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(XXII) 



10 



15 



20 



25 



30 



35 



(CH 2 )„ 



Pi N — CH COOH 

can be coupled with the amino acid ester of the formula 
{XXIII ) 



HC-eo-alkyl) 2 
(CH 2 >2 



(CH2> B 

T 

H 2 N CH COOR 3 

to give the dipeptide of the formula 
(XXIV) 



HC-t-0-alkyl) 2 



X— P 2 <CH 2 ) 2 



(CH 2 )„ (CH 2) 



m 



Pi N— CH — C - |I — CH COOR3 

40 OH 

wherein P t is an amino protecting group such as benzyioxycarbonyl or t-butyloxycarbonyl or a group which 
together with the N-atom forms a protecting group such as phthaJimido,P 2 is a hydroxy or mercapto protecting 
group, and R3 is an easily removable ester protecting group. Preferred P 2 protecting groups when X is S are 

45 acyl groups such as acetyl or benzoyl, especially acetyl. Preferred P 2 protecting groups when X is 0 are acyl 
groups, tetrahydropyrans, hindered silyl groups and trityis, especially triphenytmethyt and 1,1-dimethytethyl- 
dimethylsilyl. This coupling reaction is preferably performed in the presence of a coupling reagent such as ben- 
zotriazoM-yloxytris-(dimethylamino)phosphonium hexafluorophosphate, ethyl-3-(3-dimethylamino)propyl 
carbodiimide, or methanesulfonyloxybenzotriazole. 

so The P 2 protecting group can be selectively removed from the intermediate of formula XXIV such as by treat- 

ment with sodium methoxide in methanol when P 2 is acetyl or benzoyl or treatment with an acid such as p- 
toluenesulfonic acid in methanol when P 2 is acetyl, benzoyl, trityl, tetrahydropyranyl, or 1,1-dimethylethytdi- 
m thyisilyl. The resulting product is then subjected to an acid catalyzed cyciization reaction preferably by treat- 
ing with a strong acid such as trif luoroacetic acid, para-toluenesulfonic acid or a commercially available poly- 

55 styrene sulfonat polymer typ ion xchange resin such as Amberlyst 15®. This cyciization reaction can be 
performed in a non-protic solvent such as methylene chloride or chloroform to give the intermediate of the for- 
mula 



11 



(XXV) 
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The compounds of formula XXIV after removal of the P 2 protecting group and prior to cyclization wherein 
X is 0 can be converted to the corresponding compounds wherein X is S. This can be done by various methods. 
For example, the compound of formula XXIV after removal of the P 2 group can be treated with triphenytphos- 
phine, diisopropyi azodicarboxytate and thioacetic acid. The resulting thioacetate is then treated with sodium 
methoxide in methanol to give the corresponding mercaptan which can then be cyclized as described above. 

In another method, the compound of formula XXIV after removal of the P 2 group is treated by known meth- 
ods to give the compound of the formula 



(XXVI) 

HC-e-0-alkyl) 2 

L <CH 2 ) 2 

{ p>» <CH 2 >* 

Pi N— CH~ C -ji — CH COOR 3 

0 H 

wherein L is a leaving group such as methanesulfonyloxy, para-toluenesulfonyloxy, iodo, or bromo. For exam- 
ple, treatment of the compound of formula XXIV after removal of the P 2 protecting group with methanesulfonyl 
chloride gives the compound of formula XXVI wherein L is methanesulfonyloxy. 

The compound of formula XXVI is then treated with cesium thioacetate to give the correspopnding thioa- 
cetate. Treatment with sodium methoxide in methanol gives the corresponding mercaptan which can then be 
cyclized as described above. 

Alternatively, the compound of formula XXIV wherein X is 0 can be converted directly to the intermediate 
of formula XXV by treatment with a strong acid such as trif luoroaoetic acid, paratoluenesuifonic acid, or a com- 
mercially available polystyrene sulfonate polymer type ion exchange resin such as Amberiyst 1 5® in a suitable 
solvent such as methylene chloride or chloroform. 

The N-protecting group is then removed from the compound of formula XXV, for example, by treatment 
with hydrazine monohydrate when P, together with N atom forms a phthalimido group or by treatment with 
iodotrimethylsilane or palladium on carbon and ammonium formate or hydrogen when is benzyioxycarbonyl 
or by treatment with hydrochloric acid in dioxane or other strong acid when Pi is t-butoxycarbonyl to give the 
fused bicyciic ring compound of formula III. 

In still another method when Y is CH 2) the N-protected amino acid of formula XXII can be coupled with the 
hydroxy amino acid ester of the formula 

(XXVII) 

CH 2 -OH 
I 

(CH 2 )2 

(GH 2 ) ff 
T 

H 2 N— CH — COOR3 
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to give the dip ptid of the formula 
(XXVTII) 



CH 2 -OH 

X~P 2 (CH 2 ) 2 

l ^)n (CH 2 ) m 

P X — N- CH C— N CH COOR3 

O H 



wherein and P 2 are as defined above. This coupling reaction is preferably performed in the presence of a 
coupling reagent such as methanesulfonyioxybenzotriazole or ethyl-3-(dimethyiamino)propyl carbodiimide. 
Hydroxy compound XXVIII is then oxidized to the aldehyde of the formula 



(XXIX) 



HC=0 
I 

X-P: <CH:) 2 

(CH 2 ) n (CH,)* 
" T 
P;— N- CH— C— N CH COOR 3 

O H 



by treating with oxalyl chloride/dimethylsulfoxide followed by a tertiary amine in a non-protic solvent such as 
methylene chloride. The aldehyde of formula XXIX is then treated as described above to remove the P 2 pro- 
tecting group and then subjected to an acid catalyzed cydization reaction as described above to give the in- 
termediate of formula XXV. 

The starting material of formula XXIII wherein m is one can be prepared by selective protection of the N- 
atom of L-8-hydroxynorleucine to give 



(XXX) 



f 2 

^CH 2 

P 3 N — CH COOH 

wherein P 3 is an N-protecting group. For example, P 3 and the N-atom can form a phthalimido moiety. The N- 
protected L-e-hydroxynorleucine of formula XXX is then treated to introduce the R3 acid protecting group such 
as by treatment with methyl iodide in the presence of base or by treatment with a strong acid in methanol where- 
in R 3 is methyl. This ester is then oxidized to give the aldehyde of the formula 
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(XXXI) 



H 

,C — 0 



< 



CH 2 
I 

■CH, 



P 3 N — CH COOR, 



The aldehyde of formula XXXI is then treated with the orthofbnmate of the formula 

(XXXII) HC {0-alkyl) 3 
in the presence of a strong acid catalyst and the corresponding alcohol, i.e. HO-alkyl wherein alkyl is the same 
as in the orthoformate of formula XXXII, to give 



(XXXIII) 



H 

(-0-alkyl) 2 



CH 2 
I 



,CH 2 

p. N — CH COOR, 



Removal of N-protecting group P 3 such as by treatment with hydrazine hydrate when P 3 and the N-atom forms 
a phthalimido moiety yields the starting material of formula XXIII wherein m is one. 

The starting material of formula XXIII wherein m is zero can be prepared by protecting the N-atom of y- 
benzyl glutamate to give 



(XXXIV) 



CO0CH 2 — 



< 



I 

,CH 2 



P 3 N — CH COOH 



wherein P 3 is an N-protecting group such as t-butyloxycarbonyl or where P 3 and the N-atom can form a phtha- 
limido moiety. The N-protected glutamic acid of formula XXXIV is then treated to introduce the R 3 acid pro- 
tecting group, as described above, to give 
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(XXXV) . 

COOCH5 

I 

,CH 2 



< 



10 



15 



P 3 N CH — COOR3 

Hydrogenolysis when R 3 is lower alkyl removes the benzyl ester group from compound XXXV to give 
(XXXVI) 

COOH 
I 



20 



< 

p. N — CH COOR3 



Selective reduction of compound XXXVI such as by treatment with ethanethiol, ethyl-3-(3-dimethlarnino)propyl 
carbodiimide, and dimethylaminopyridine followed by triethylsilane, palladium on carbon, and acetonitrile gives 
25 the aldehyde of the formula 

(XXXVII) 

30 HC=0 

I 

,CH 2 



r 



35 P 3 N CH COOR3 

The aldehyde of formula XXXVII is then treated with the orthofonmate of formula XXXII as described above 
and the N-protecting group P 3 is removed as described above to give the starting material of formula XXIII 
40 wherein m is zero. 

The hydroxy amino acid ester starting material of formula XXVII can be prepared by reacting a solution of 
diethyl acetamidomalonate with a stirred suspension of sodium hydride followed by reaction with a haloalky- 
lacetate of the formula 

45 (XXXVIII) 

o 

II 

halo — (CH : ) m — (CH 2 ) 2 — CH 2 -C — C — CH 3 . 
so wherein halo is Br, I, or CI to give the compound of the formula 



55 
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10 



15 



20 



25 



(XXXIX) 

0 

II 

H 2 C-0-C-CH 3 

<CH 2 ) 2 

0 (CH 2 J. 
II I 
H3C— C — NH- C— COOC 2 H 5 . 

COOC 2 H s 

A solution of the diethyl ester of formula XXXIX is treated with sodium hydroxide and heat and then acidified 
and heated again to give the hydroxy amino acid of the formula 

(XL) 

H2C-OH 



<CH:)2 

H3C C NH— CH— COOH . 

The hydroxy amino acid of formula XL is then treated with porcine kidney acyiase or other suitable hydrol- 
yzing enzyme to give the resolved hydroxy amino acid of the formula 

30 H 2 C-OH 

<CH 2 ) 2 



35 



<CH 2 ) B 

T 

H 2 N CH— COOH 



The hydroxy amino acid of formula XU is then converted to the ester of formula XXVII by conventional 
40 means. For example, the hydroxy amino acid of formula XLI can be treated in methanol with trimethylsilyl chlor- 
ide to give the hydrochloride salt of the methyl ester of formula XXVII. 

The starting materials of formula XXII can be prepared as follows. When X is 0, the hydroxy a-amino acid 
of the formula 

45 (XLII) 

OH 

i 

<CH 2 ) n 

T 

H 2 N CH— COOH 

is reacted to introduce the P^ and P 2 protecting groups. F r xample, treatment of the acid of formula XLII with 
N-carbethoxyphthalimide in the presence of sodium carbonate followed by tr atment with chlorotriphenyime- 
55 thane and triethylamine gives the starting material of formula XXII wherein X is 0, together with N-atom 
forms a phthalimido, and P 2 istrityl. Alt rnatively, treatment of the acid of formula XLII with N-(benzyioxycar- 
bonyloxy)succinimkJe in aqueous sodium carbonate and acetone follow d by treatment with t-butyldimethyl- 
silyi chloride or an acylating ag nt of formula V or VI giv s the starting mat rial of formula XXII wher in X is 
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O, Pi is b nzyioxycarbonyl, and P 2 is t-butyidimethylsilyl or an acyi group such as acetyl. 

When X is S and n is one, N,N'-bis[(phenytmethoxy)carbonyl]-L-cystine can be treated with zinc dust and 
aqueous sulfuric acid to giv the mercaptan of the formula 

(XLIII) 

SH 



10 




The mercaptan of formula XLIII is then treated to introduce the P 2 protecting group. For example, treatment 
of the mercaptan of formula XUII with acetic anhydride gives the starting material of formula XXII wherein X 
15 is S, n is one, P 2 is acetyl, and P, is benzyloxycarbonyl. 

When X is S and n is two, L-methionine can be protected on the N-atom. For example, reaction with benzyl 
chloroformate or N-(benzyloxycarbonyloxy)-succinimide gives N-[(phenyimethoxy)cart>onyiK-methionine 
which is then esterif ied by treatment with an alcohol, alkyl-OH, in the presence of an acid catalyst such as p- 
toluenesulfonic acid. Treatment with an oxidizing agent such as N-chlorosuccinimide in aqueous solvent gives 
20 the sulfoxide of the formula 



(XLIV) 



30 



t 

S— CH 3 

I? T 2)2 

(®) CH2- 0 c NH— CH — COOalkyl . 

The sulfoxide of formula XLIV is then treated with an acid anhydride such as acetic anhydride to give the 
compound of the formula 

(XLV) 

O 

n 

S — CH 2 - 0— C— CH 3 



35 



40 



45 



ii T 

CH 2 - O C NH— CH — COOalkyl 



Treatment with alkali metal hydroxide, followed by the removal of formaldehyde such as by treatment with a 
reducing agent for example, sodium borohydride, followed by treatment with an acid anhydride such as acetic 
anhydride gives the starting material of formula XXII wherein X is S, n is two, P 2 is acetyl, and P, is benzylox- 
ycarbonyl. 

so The fused bicyclic ring compounds of formula III wherein Y is S or O and m is one can be prepared by 
coupling the N-protected amino acid of formula XXII with the amino acid ester of the formula 



55 
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(XLVI) 



HC-f-0-alkyl) 2 
Y 



{ 



10 

H 2 N— CH — COOR3 

to give the dipeptide of the formula 

15 

(XLVII) 



20 



HC — (0-alkyl) 2 
H 2 C 



25 (CH2) 



CH 2 ) R ^ 



Pi-N- CH- ( C— N- CH- COOR3 
0 H 

30 wherein Pi and P 2 are as defined previously and R3 is an acid protecting group. This coupling reaction is pre- 
ferably performed in the presence of a coupling reagent such as benzotriazoM-yioxytris(dimethyiamino)phos- 
phonium hexafluorophosphate or ethyl-3-(3-dimethyiamino)propyl carbodiimide. 

The P 2 protecting group can be selectively removed from the intermediate of formula XLVII such as by 
treatmentwrth sodium methoxide in methanol when P 2 is an acyi group such as acetyl or benzoyl and treatment 

35 with an acid such as p-toluenesulfonic acid in methanol when P 2 is a trityl, tetrahydropyranyl, or a hindered 
silyl group. The resulting product is then subjected to an acid catalyzed cyclization reaction as described above 
to give the intermediate of the formula 



(XLVIII) 



45 




0 COOR3 

50 

The intermediate of formula XLVIII wherein X is S and n is two can also be prepared by treating the com- 
pound of formula XLVII wherein X is 0 and n is two to sel ctively remove the P 2 group and convert th hydroxy 
to a mercaptan as described above followed by acid catalyzed cyclization. 

The N-protecting group is then removed from the compound of formula XLVIII for xample, by treatm nt 
55 with hydrazine monohydrate wh n P-, togeth r with N atom forms a phthalimido group or by treatment with 
iodotrimethylsilane or palladium on carbon and ammonium formate or hydrogen when Pi is benzyloxycarbonyl 
to give the fused bicyclic ring compounds f formula III. 

The starting material f formula XLVI wherein Y is O can be prepared by reacting the N-phthalimino pro- 
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tected amino acid ester of the formula 
(XLIX) 




with allyl trichloroacetimidate in the presence of trif luoromethanesulfonic acid to give the compound of the for- 
mula 



(LJ 




o 



r 



r 

0 



CH =CH 3 



N CH — COOR 3 



Treatment of the compound of formula L with ozone in methanol then dimethylsulf ide followed by the or- 
thoformate of formula XXXII in the presence of p-tduenesulfonic acid yields the protected compound of the 
formula 



(LI) 



H 

.C (0-alkyl) 2 




Removal of the N-protecting group such as by treatment with hydrazine hydrate yields the starting material of 
formula XLVI wherein Y is O. 

The starting material of formula XLVI wherein Y is S can be prepared by reacting the cysteine ester of the 
formula 
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(LII) 



5 




H 2 N — CH — COOR 3 

with the bromoaoetal of the formula 
10 (LHI) B^-CH2-CH{0-aIkyl) 2 

in the presence of sodium hydride and potassium iodide to give the amino acid ester of the formula 

(LIV) 

15 

HC -*-0-alkyl) 2 



20 




H 2 N — CH — COOR3 

25 

The compounds of formula I contain three asymmetric centers in the fused bicyclic portion of the structure 
with additional centers possible in the side chain. While the optically pure form of the fused bicyclic products 
described above is preferred, all such forms are within the scope of this invention. The above described proc- 
esses can utilize racemates, enantiomers, or diastereomers as starting materials. When diastereomeric com- 
30 pounds are prepared, they can be separated by conventional chromatographic or fractional crystallization 
methods. Preferably, the hydrogen attached to the bridgehead carbon is in the orientation shown below 



35 



40 




The compounds of formula I wherein R 3 , R5 and/or R 7 are hydrogen can be isolated in the form of a phar- 
maceutical^ acceptable salt Suitable salts for this purpose are alkali metal salts such as sodium and potas- 
sium, alkaline earth metal salts such as calcium and magnesium, salts derived from amino acids such as ar- 
45 ginine, lysine, etc. and salts derived from amines such as alkylamines, e.g. t-butylamine, t-amyiamine, eta, 
substituted alkylamines, e.g. benzylamine, dialkylamines, substituted dialkylamines, e.g. N-methyiglucamine, 
trialkylamines, substituted trialkylamines, and quaternary ammonium salts. These salts can be obtained by 
. reacting the acid form of the compound with a base supplying the desired ion in a medium in which the salt 
precipitates or in aqueous medium and then lyophilizing. 
so Preferred compounds of this invention are those wherein: 
Ais 



0 
II 



55 R 2 — S— ( CH 2 TyC-- C- 

R12 Ri 
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R 2 is hydrogen. 



0 

u 

R 6 — C — 



or R 1t -S-; 

R 3 is hydrogen or lower alkyl of 1 to 4 carbons; 
10 r is zero or one; 

R'u is lower alkyl of 1 to 4 carbons; 

Ri is aryl-CH^, substituted ary1-CH r , heteroaryl-CH^, cycloalkyl-CH r wherein the cycloalkyl is of 3 
to 7 carbons, or straight or branched chain alkyl of 1 to 7 carbons and R 12 is hydrogen; or R 1 and R 12 taken 
together with the carbon to which they are attached complete a cycloalkyl ring of 5 to 7 carbons; 
15 R« is lower alkyl of 1 to 4 carbons or phenyl; 

n is one or two; 

m is zero or one; 

X is O or S; and 

Y is CH 2 , O, or S provided that Y is 0 or S only when m is one. 
20 Most preferred are the above compounds wherein: 

R 2 is hydrogen or 

o 
II 

25 H 3 C C — 

especially hydrogen; 

R 3 is hydrogen; 
30 r is zero or one; especially one; 

Ri is benzyl, cyclopropylmethyl, or straight or branched chain alkyl of 3 to 5 carbons, especially benzyl; 

R 12 is hydrogen; 

n is one or two; 

m is zero or one; 
35 X is O or S; and 

Y is CH 2 , O, or S provided that Y is 0 or S only when m is one. 

The single most preferred compound is [4S-[4a(R*),7a,10ap]]-octahydro-4-[(2-mercapto-1-oxo-3-phenyt- 
propyi)amino]-5K)xo-7H-pyrido[2J-b]-[1,3]thiazepine-7-cart)Oxyiic acid, i.e. the compound of the formula 



45 



50 




Th compounds of formula I wh rein A is 
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5 




or 



are dual inhibitors possessing the ability to inhibit angiotensin converting enzyme and neutral endopeptidase. 
The compounds of formula I wherein A is 



are selective inhibitors possessing the ability to inhibit the angiotensin converting enzyme. Thus, the com- 
pounds of formula I including their pharmaceutical^ acceptable salts are useful in the treatment of physiolog- 
ical conditions in which angiotensin converting enzyme inhibitors have been shown to be useful. Such condi- 

20 tions include disease states characterized by abnormalities in blood pressure, intraocular pressure, and renin 
including cardiovascular diseases particularly hypertension and congestive heart failure, glaucoma, and renal 
diseases such as renal failure, diabetic nephropathy, and renal impairment following treatment with cyclospor- 
ine or other immunosuppressants. Other conditions in which angiotensin converting enzyme inhibitors have 
been reported to be useful include hepatic cirrhosis, inhibiting the progression of atherosclerosis, preventing 

25 or treating hypertensive or diabetic retinopathy, improving myocardial dysfunction during or following a myo- 
cardial infarction, and preventing restinosis after angioplasty. The dual inhibitors are also useful in the treat- 
ment of physiological conditions in which neutral endopeptidase inhibitors have been shown to be useful. Such 
conditions also include cardiovascular diseases particularly hypertension, hyperaldosteronemia, renal diseas- 
es, glaucoma, as well as the relief of acute or chronic pain. Thus, the compounds of formula I are useful in 

30 reducing blood pressure and the dual inhibitors of formula I are additionally useful for this purpose due to their 
diuresis and natriuresis properties. The dual inhibitors are particularly useful in the treatment of congestive 
heart failure. 

The compounds of formula I inclduing pharmaceutical^ acceptable salts thereof can be administered for 
these effects in amounts similar to those employed previously for angiotensin converting enzyme inhibitors. 

35 For example, the compounds of formula I can be administered to a mammalian host such as man at from about 
0.1 mg. to about 100 mg. per kg. of body weight per day, preferably from about 0.5 mg. to about 25 mg. per 
kg. of body weight per day. The compounds of formula I are preferably administered orally but parenteral routes 
such as subcutaneous, intramuscular, and intravenous can also be employed as can topical routes of admin- 
istration. The daily dose can be administered singly or can be divided into two to four doses administered 

40 throughout the day. 

The inhibitors of formula I can be administered in combination with human ANF 99 - 126. Such combination 
would contain the inhibitor of formula I at from about 1 to about 1 00 mg. per kg. of body weight and the human 
ANF 99-126 at from about 0.001 to about 0.1 mg. per kg. of body weight 

The inhibitors of formula I can be administered in combination with other classes of pharmaceutical^ active 
45 compounds. For example, a diuretic, a calcium channel blocker, a potassium channel activator, a cholesterol 
reducing agent, a 0-blocker, etc. 

The inhibitors of formula I or a pharmaceutical^ acceptable salt thereof and other pharmaceutically ac- 
ceptable ingredients can be formulated for the above described pharmacetical uses. Suitable compositions 
for oral administration include tablets, capsules, and elixirs, and suitable compositions for parenteral admin- 
so istration include sterile solutions and suspensions. Suitable compositions for treating glaucoma also include 
topical compositions such as solutions, ointments, and solid inserts as described in U.S. Patent 4,442,089. 
About 1 0 to 500 mg. of active ingredient is compounded with physiologically acceptable vehicle, carrier, xci- 
pient, binder, preservative, stabilizer, flavoring, etc., in a unit dose form as called for by accepted pharmaceut- 
ical practice. 

55 The following examples are illustrative of the invention. Temperatures are given in degre s centigrade. 
Thin layer chromatography (TLC) was performed in silica gel unless otherwis stated. 



10 



R7OOC — CH — 



O 
6 

or R4— P — 



15 
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EXAMPLE 1 

[4S-[4a(R*) t 7g,10a3frOctahydrD-4-[(2-mercapto-1-oxo-3-ph nylpropyl)amino]-5-oxo-7H-pyrido[2,1- 
bl[1,3]oxazepine-7-carboxylic acid 

5 

a) (S)-2-Phthalimido-4-hydroxybutanoic acid, triethyiamine salt 

A solution of L-homoserine (3.0 g M 25.2 mmol.) and sodium carbonate (2.670 g. t 25.2 mmol.) in water (60 
ml.) was treated with N-carbethoxy-phthalimide (5.570 g. t 25.4 mmol.). After stirring at room temperature for 

10 2 hours, the solution was acidified with 6 N hydrochloric acid and extracted into ethyl acetate. The ethyl acetate 
extract was washed with brine, dried (sodium sulfate), and filtered into a solution of triethyiamine (4.0 ml.) in 
methylene chloride (40 ml.). The cloudy solution was concentrated and triturated with ethyl acetate and ethyl 
ether to afford 5.11 g. of the title compound as a white solid; m.p. 142 - 144°C. TLC (5% acetic acid in ethyl 
acetate) Rf= 0.36; 

15 [a] D = -6.2° (c = 0.8, chloroform). 





Anal, calc'd. for C^H^N^Os; 






C61.70; 


H 7.48; 


N7.99 


20 


Found: 


C 61.45; 


H 7.47; 


N7.84. 



b) (S)-2-Phthalimido-4-(triphenyimethoxy)butanoic acid, triethyiamine salt 

A homogeneous solution of the product from part (a) (1 .890 g., 5.4 mmol.) in chloroform (20 ml.) was treated 
with triethyiamine (80 uJ.) followed by solid chlorotriphenylmethane (1.590 g„ 5.70 mmol.). After stirring at room 
temperature for 2.5 hours, the solution was partitioned between ethyl acetate and 0.1 N hydrochloric acid (1 50 
ml.). The organic layer was washed with water and brine, then dried (sodium sulfate) and filtered into a solution 
of triethyiamine (1.0 mi.) in methylene chloride (30 ml.). The solution was concentrated to an oil, redissoived 
in a small amount of methylene chloride and ethyl acetate and triturated with ethyl ether until the solution be- 
came turbid. The mixture was seeded and let stand at room temperature. The resulting precipitate was col- 
lected by filtration, washed with ethyl acetate and ethyl ether, and dried in vacuo to afford 2.538 g. of the title 
compound as a white solid; m.p. = 165 - 170°C. (decomp.). TLC (10% methanol in chloroform) Rf = 0.23; [a] D 
= +7.0° (c = 1 .2, chloroform). 

c) (S)-2-Phthalimido-6-hydroxyhexanoic acid 

A solution of (+>-L-e-hydroxynorleucine [prepared according to the procedure of Bodanszky et al., J. Med 
Chem., 1978, 21, 1030 - 1035] (1.030 g. f 7.0 mmol.) and sodium carbonate (745 mg., 7.0 mmol.) in water (12 
ml.) was treated with N-carbethoxyphthalimide (1.495 g„ 7.0 mmol.) and the mixture was stirred at room tem- 
perature for 2 hours. The solution was filtered, cooled to 0° C, and acidified with 6N hydrochloric acid to afford 
a white precipitate. The solid was collected by filtration and dried in vacuo at 80° C. for one hour to give 1 .297 
g. of the title compound; m.p. 162 - 163°C; [a] D = -35.7° (c = 1.3, methanol). 

d) (S)-2-Phthalimido-6,6-dimethoxyhexanoic acid, methyl ester 

A slurry of the product from part (c) (3.752 g. t 13.5 mmol.) and cesium carbonate (2.178 g., 6.7 mmol.) in 
dimethylformamide (44 ml.) was treated with methyl iodide (3.0 ml., 6.84 g., 48.2 mmd.). After stirring at room 
temperature for 2 hours, the mixture was diluted with ethyl acetate and washed successively with water con- 
taining a small amount of sodium bisulfite, water, 50% saturated sodium bicarbonate, and brine, then dried (so- 
dium sulfate), filtered and stripped to give the intermediate ester as a colorless oil (3.825 g.). The oil was ho- 
mogeneous by TLC (1:1-acetone:hexanes) R f = 0.37. 

A -78°C solution of oxalyl chloride (1 .37 ml., 2.00 g., 15.7 mmol.) in dry methylene chloride (58 ml.) was 
treated dropwis with a solution of dry dimethyisulf xide (2.24 ml., 2.47 g., 31.6 mmol.) in methylene chloride 
(2 ml.). After 10 minut s, a solution of the abov alcohol-ester (3.825 g., 13.1 mmol.) in methylen chloride 
(10 ml.) was added. After an additional 15 minutes, triethyiamine (8.0 ml.) was added and th mixture was 
stirred at -78°C for 5 minutes, then warmed to 0°C. The mixture was diluted with ethyl acetate/ethyl ether and 
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was subsequently washed with 1 N hydrochloric acid, water, and brine, th n dried (sodium sulfate), filtered 
and stripped to give the crude desired aid hyde. The oil was homogeneous by TLC ( 1:1-acetone:hexanes) 
R f = 0.48. 

A solution of the above aldehyde in m thanol (17 ml.) and methyl n chlorid (17 ml.) was treated with 
trimethyl orthoformate (1.7 ml.) followed by p-toluenesulfonic acid monohydrate (180 mg.). The mixture was 
stirred at room temperature for 1.5 hours, then partitioned between ethyl acetate and 50% saturated sodium 
bicarbonate. The organic layer was washed with water and brine, then dried (sodium sulfate), filtered and strip- 
ped. The residue was flash chromatographed (Merck silica gel, 1 :1-ethyl acetateihexanes) and the pure prod- 
uct fractions were crystallized from ethyl acetate/hexanes to give the analytically pure title product (3.452 g„ 
first crop and 215 mg. t second crop) as white needles; m.p. 69 - 70°C. TLC (1:1 - ethyl acetateihexanes) Rf = 
0.35; [a] 0 = -27.4° (c = 1 .5, chloroform). 



Anal, calc'd. for C 17 H 21 N0 6 : 


Found 


C 60.89; 
C 60.80; 


H6.31; 
H 6.32; 


N4.18 
N4.16. 



e) [S-(^R*fr2-[g-Phthalimido^^ acid, me- 
thyl ester 

Aslurry of the productf rom part (d) (2.540 g., 7.57 mmol.) in methanol (1 8 ml.) was treated with hydrazine 
monohydrate (378 uJ., 390 mg, 7.80 mmol.). The mixture became homogeneous within 10 minutes. After stirring 
atroom temperature for 3 days, the resulting slurry was filtered, stripped, slurried in methylene chloride, filtered 
and stripped again to afford the crude intermediate amine as a colorless oil. Meanwhile a solution of the trie- 
thylamine salt product from part (b) (4.622 g., 7.80 mmol.) in methylene chloride (50 ml.) at 0°C. was treated 
with benzotriazol-1-yloxytris-(dimethylamino)phosphonium hexafluorophosphate (3.519 g. f 7.95 mmol.). The 
mixture was stirred for 35 minutes, then treated with a solution of the above amine in methylene chloride (15 
ml.). After 10 minutes at 0° C and 2 hours at room temperature, the solution was partitioned between ethyl 
ether and water. The organic layer was washed with 50% saturated sodium bicarbonate and brine, then dried 
(sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica gel, 6:4-ethyl 
acetate:hexanes) to give 3.580 g. of pure title compound as a white foam. TLC (6:4 - ethyl acetate:hexanes) 
Rf = 0.32; [ah - +26.2° (c = 0.6, chloroform). 

f) tS-(R* t R*)]-2-[(2-Phthalimido-4-hydroxy-1-oxobutyl)amino]-6,6-dimethoxyhexanoic acid, methyl ester 

Asolution of the product from part (e) (5.420 g. f 8.0 mmol.) in methanol (60 ml.) was treated with p-tolue- 
nesulfonic acid monohydrate (520 mg.). After stirring at room temperature for 1.5 hours, the mixture was par- 
titioned between ethyl acetate and dilute sodium bicarbonate. The phases were separated and the aqueous 
layer was extracted again with ethyl acetate. The pooled organic extracts were washed with brine, dried (so- 
dium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica gel, 8:2-ethyl acet- 
ate:hexanes followed by 5% methanol in ethyl acetate) to afford 2.860 g. of the title product as a colorless oil. 
TLC (7:3 - ethyl acetate:hexanes) R f = 0.26; [a] D = +18.7° (c = 1.3, chloroform). 

g) l4S-(4a,7a,10aP)>Octahydro-4-phthalimid^ acid, me- 
thyl ester 

A solution of the product from part (f) (2.1 0 g., 4.95 mmol.) in methylene chloride (1 00 ml.) was treated 
with Amberlyst® 15 ion exchange resin (240 mg. ( prewashed successively with 6 N hydrochloric acid, water, 
tetrahydrof uran, then methylene chloride). After stirring at room temperature for 2.5 hours, the solution was 
filtered, stripped and flash chromatographed (Merck silica gel, 6:4-ethyl acetate:hexanes followed by 100% 
ethyl acetate) to give 1.40 g. of title product as a white foam. 

h) (S)-2-(Acetylthio)benzenepropanoic acid 

Sodium nitrite (10.3 g. ( 280 mmol.) was added to a solution of D-phenylalanine (30.0 g., 181 mmol.) and 
potassium bromide (73.5 g.) in sulfuric acid (2.5 N t 365 ml.) over a period of one hour while maintaining the 
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temperature f the reaction mixture at 0°C. The mixture was stirred for an additional hour at 0° C and then for 
one hour at room temperature. The reaction solution was extracted with th r, the ether was back xtracted 
with water, and the therlay r was dried over sodium sutfat . Eth r was rem v d in vacuo , and distillation of 
th oily residu afforded 25.7 g. of (R)-2-bromo-3-benz n propanoic acid; b.p. 141°C. (0.55 mm. of Hg); [a] D 

5 = +14.5° (c « 2.4, chloroform). 

A mixture of thioacetic acid (7 ml., 97.9 mmol.) and potassium hydroxide (5.48 g., 97.9 mmol.) in acetonitrile 
(180.5 ml.) was stirred under argon at room temperature for 1 3/4 hours. The mixture was cooled in an ice- 
bath, and a solution of (R)-2-bromo-3-benzenepropanoic acid (20.4 g., 89 mmol.) in acetonitrile (20 ml.) was 
added over a ten minute period. The reactinn was stirred under argon at room temperature for 5 hours, filtered, 

10 and the acetonitrile was removed in vacuo. The oily residue was redissolved in ethyl acetate and washed with 
1 0% potassium bisutfate and water. Removal of the ethyl acetate in vacuo afforded 1 9.6 g. of crude product 
The crude product was purified via its dicyclohexyiamine salt using isopropyl ether as solvent for crystallization. 
An analytical sample of (S)-2-(acetylthio)benzenepropanoic acid, dicyclohexyiamine salt was prepared by re- 
crystallization from ethyl acetate; m.p. 146-147°C; [afc = -39.6°C. (c = 1.39, chloroform). 



20 



Anal, calc'd. for C^H^S • C12H23N: 


Found: 


C.68.11; 
C67.93; 


H.8.70; 
H.8.71; 


N.3.45; 
N.3.37; 


S,7.91 
S f 7.94. 



The free acid was regenerated by partitioning the dicyclohexyiamine salt between 5% potasssium bisuffate 
and ethyl acetate to yield (S)-2-(acetylthio)benzenepropanoic acid; [a] D = -70.1°C. (c = 1.91, chloroform). 
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Anal, calc'd. for C 11 H 12 0 3 S: 


Found: 


C.58.91; 
C58.73; 


H,5.39; 
H,5.41; 


S,14.30 
S,14.53. 



30 

i) [4S-[4g(R*),7a T 1 0ag]]-Octahydro-4-[I2-(acetytthio)-1-oxo-3-phenylpro - 
b][1,3]oxazepine-7-carboxylic acid, methyl ester 

The product from part (g) (620 mg. f 1 .66 mmol.) in methanol (1 0ml.) was treated with hydrazine monohy- 
35 drate (85 n!., 88 mg., 1 .75 mmol.) and the solution was stirred at room temperature for 44 hours. The mixture 
was filtered and the solid was washed with methanol. The filtrate was stripped, triturated with methylene chlor- 
ide, filtered again and stripped to give the crude amine as a cloudy oil (about 400 mg.). 

A cold (0°C) solution of (S)-2-(acetylthio)-benzenepropanoic acid (410 mg., 1.83 mmol.) and triethylamine 
(250 nJ., 182 mg., 1.80 mmol.) in methylene chloride (10 ml.) was treated with the above amine (as a solution 
40 in 8 ml. methylene chloride) followed by benzotriazol-1-yloxytris-(dimethylamino)phosphonium hexafluoro- 
phosphate (808 mg, 1.83 mmol.). The clear, nearly colorless solution was stirred at 0°C for 40 minutes and 
then at room temperature for 2 hours. The mixture was partitioned between ethyl acetate/ethyl ether and water. 
The organic layer was washed successively with 50% saturated sodium bicarbonate and brine, then dried (so- 
dium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica gel, 60-70% ethyl 
45 acetate in hexanes) to give 602 mg., of pure title product as a white foam; TLC (6:4-ethyl acetate:hexanes) Rf 
= 0.27. 

j) [4S-[4ct(R # ),7tt, 1 0ap]]-Octahydro-4-[(2-mercapto-1 -oxo-3-phenyl propyl)aminol-5-oxo-7H-pyrido[2 T 1 - 
b][1,3]oxazepine-7-carboxylic acid 

50 

A0°C. solution of the product from part (i) (590 mg., 1.32 mmol.) in methanol (10 ml., de-oxygenated via 
argon bubbling) was treated with 1 N sodium hydroxide (7 ml., de-oxygenated via argon bubbling). After stirring 
for 15 minutes, the solution was warmed to room temperature and stirring under argon was continued for an 
additional 4.5 hours. Th mixture was acidified with 5% potassium bisulfate, diluted with water and extracted 
55 with thyt acetate. The ethyl acetate xtract was wash d with wat r and brine, then dried (sodium sulfate), 
filtered and concentrated to approximately 3 ml. The residue was slurried in ethyl acetate and a little hexane 
and th r suiting solid was collected by filtration and dried in vacuo to giv 413 mg. of the title product; m.p. 
180.5°C. (d comp.). TLC (2% acetic acid in ethyl acetate) R, = 0.39; 
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[a] 0 = -37.6° (c = 0.36, methan I). 

HPLC: YMCS3 ODS column (6.0x 150mm); luted with 40% A: 90% water-10% methanol-0.2% phosphoric 
acid and 60% B: 10% water-90% m thanol-0.2% phosphoric acid; flow rate 1.5 ml/min detecting at 
220 nm;tR = 6.73 min (95.7%). 



10 



Anal, calc'd. for C20H28N2O4S * 0.12 ethyl acetate: 



Found 



C, 58.05; 


H.6.24; 


N, 6.95; 


C, 5823; 


H.6.34; 


N, 6.83; 



S, 7.96 
S, 7.81. 



EXAMPLE 2 

f5 I3R-Pa(S^,6a,9aPfrHexahydro-3^ 
b][1,3]thiazine-6-carboxylic acid 

a) N-[(Phenylmethoxy)rarbonyl]-L-cysteine 

Asolution of N,lsT-bist(phenylmethoxy)-carbonyl}-L-cystine (4.658 g., 9.16 mmol.) in methanol (35 ml.) was 
treated with 2 N sulfuric acid (23 ml.) followed by portionwise treatment with zinc dust (2.442 g., 37.3 mmol.). 
The mixture was heated at 70°C. for 1 .5 hours, filtered while still warm, and concentrated on the rotovap. The 
residual solution was extracted with ethyl ether and the ethereal extract was washed with water and brine, 
then dried (sodium sulfate), filtered and stripped. The residue (oil) was dissolved in carbon tetrachloride, cooled 
25 to 0°C, and seeded to slowly afford a precipitate. The solid was collected by filtration and washed with cold 
carbon tetrachloride to give 2.648 g. of product The mother liquor was stripped, flash chromatography (Merck 
silica gel, ethyl acetate followed by 4% acetic acid in ethyl acetate) to give additional product after crystalliza- 
tion (246 mg.). The total yield of product was 2.894 g. TLC (5% acetic acid in ethyl acetate) Rf = 0.58. 



b) S-Acetyl-N-[(Phenylmethoxy)carbonyll-L-cysteine 

A homogeneous solution of the product from part (a) (2.70 g., 1 0.6 mmol.) in water (30 ml., de-oxygenated 
via argon bubbling) containing potassium bicarbonate (2.140 g., 21 .4 mmol.) was treated with acetic anhydride 
(8.0 ml., 8.66 g, 84.8 mmol.). After 10 minutes at room temperature, the mixture was acidified with 10% hy- 
drochloric acid and extracted with ethyl ether. The ethyl ether extract was washed twice with water and brine, 
then dried (sodium sulfate), filtered and stripped to give an oil. The residue was azeotroped three times with 
toluene and twice with ethyl ether/hexane, after which time the oil crystallized. The residue was triturated with 
ethyl ether/hexane and the solid was collected by filtration to give 2.1 9 g., of pure title product TLC (5% acetic 
acid in ethyl acetate) Rf = 0.56. 

c) (S)-2-P-[(Phenylmethoxy)<*rt>ony^ acid, methyl es- 
ter 

Aslurry of (S)-2-phthalimido-6,6-dimethoxyhexanoic acid, methyl ester [prepared as described in Example 
1(d), 1.158 g., 3.45 mmol.) in methanol (12 ml.) was treated with hydrazine monohydrate (176 nl„ 182 mg., 
3.63 mmol.). The mixture became homogeneous within 10 minutes. After stirring at room temperature for 67 
hours, the resulting slurry was filtered, stripped, slurried in methylene chloride, filtered and stripped again to 
afford the crude intermediate amine as a colorless oil. Meanwhile a partial slurry of the product from part (b) 
(1.185 g., 3.98 mmol.) in methylene chloride (14 ml.) was treated with triethylamine (555 jil. f 403 mg., 3.98 
mmol.). The now homogeneous solution was cooled to 0°C, treated with the above amine as a solution in me- 
thylene chloride (7 mL), then treated with benzotriazol-1-yloxytris(dimethylamino)-phosphonium hexafluoro- 
phosphate (1.762 g., 3.98 mmol.). The mixture was stirred at 0°C. for 2.5 hours, then at room temperature for 
45 minutes. The solvent was removed and the residu was partitioned between ethyl acetate and water. The 
organic layer was washed with 50% saturated sodium bicarbonate and brin , then dried (sodium sulfate), fil- 
tered and stripped. The residue was flash chromatographed (Merck silica gel, 65:35- thyl acetate:hexanes) 
to give 1.15 g., of the pure title product as a white foam. TLC (75:25 - ethyl acetate:hexanes) R f = 0.42. 
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Analysis Calc'd. for C^t^^OgS: 






C, 54.53; 


H, 6.66; 


N, 5.78; 


S, 6.62; 


5 


Found 


C, 54.79; 


H f 6.72; 


N, 5.77; 


S, 6.95. 



d) [3R-(3tt,6a t 9apfrHexahydro-3-[[(phenylmeth^ 
6-carfaoxylic acid, methyl ester 

A de-oxygenated (argon bubbling) solution of the product from part(c) (1.040 g. ( 2.15 mmol.) in methanol 
(12 ml.) at 0°C. was treated with sodium methoxide (25% by weight in methanol, 490 jil., 463 mg., 2.14 mmol.). 
After 20 minutes, the mixture was quenched with saturated ammonium chloride, diluted with water, and ex- 
tracted with ethyl acetate. The ethyl acetate extract was washed with water and brine, then dried (sodium sui- 
ts fate), filtered and stripped. The residue was redissolved in methylene chloride (200 ml.) and stirred at room 
temperature with Amberlyst® 15 ion exchange resin (820 mg. f pre-washed successively with 6 N hydrochloric 
acid, water, tetrahydrofuran, then methylene chloride). After 3 hours, the solution was filtered, stripped and 
flash chromatographed (Merck silica gel, 65:35-ethyl acetate: hexanes) to give 757 mg. of the title product as 
a colorless oil. TLC (75:25 - ethyl acetateihexanes) Rf = 0.58. 

20 

e) PR-(3q,6a,9a3)1-Hexahydro-3-amino^x^ acid, methyl 
ester 

Asolution of the productf rom part (d) (752 mg., 1 .99 mmol.) in dry methylene chloride (15 ml.) was treated 
25 at room temperature with iodotrimethylsilane (620 pi., 872 mg., 4.36 mmol.). After stirring for 3 hours, the mix- 
ture was quenched with water, treated with a small amount 10% hydrochloric acid, and extracted with ethyl 
ether. The layers were separated and the ethereal layer was back-extracted with water. The pooled aqueous 
layers were made basic (pH 13) with 10% sodium hydroxide and extracted twice with methylene chloride. The 
pooled methylene chloride extracts were dried (sodium sulfate), filtered and stripped to give 290 mg. of crude 
30 title product as a colorless oil. TLC (10% methanol in methylene chloride) Rf = 0.38. 

0[3R43q(Sg6a,9apn-Hexahydro-3-n2-(a^ 
bfl1,3]thiazine-6-carboxylic acid, methyl ester 

35 Acold (0° C.) solution of (S)-2-(acetylthio)benzenepropanoic acid (294 mg., 1.31 mmol.) and triethylamine 
(180 >iL, 131 mg., 1.29 mmol.) in methylene chloride (8 ml.) was treated with the product from part (e) (287 
mg., 1.17 mmol.) as a solution in 6 ml. methylene chloride. Benzotriazol-1-yloxytris(dimethylamino)phospho- 
ntum hexafluorophosphate (575 mg., 1.30 mmol.) was then added. The dear, nearly colorless solution was 
stirred at 0°C for 1 hour and then at room temperature for 1 hour. The solvent was removed by rotary evapor- 

40 atton and the residue was partitioned between ethyl acetate and 5% potassium btsulfate. The organic layer 
was washed successively with water, 50% saturated sodium bicarbonate and brine, then dried (sodium sulfate), 
filtered and stripped. The residue was flash chromatographed (Merck silica gel, 1 :1-ethyl acetateihexanes) to 
give 412 mg. of the pure title product as a white foam. TLC (1:1-ethyl acetate:hexanes) R f = 0.27; [a] D = - 
107.0°C. (c = 0.6, chloroform). 

45 

g) [3R-[3a(S*),6a,9apfrHexahydro-3-[^ 
b][1,3]thiazine-6-carboxylic acid 

A0°C solution of the product from part (f) (406 mg, 0.90 mmol) in methanol (5 ml., de-oxygenated via argon 
so bubbling) was treated with 1 N sodium hydroxide (5 ml., deoxygenated via argon bubbling). After stirring for 
one hour, the solution was warmed to room temperature and stirring under argon was continued for an addi- 
tional 1 .25 hours. The mixture was acidified with 5% potassium bisuffate, diluted with water and extracted with 
ethyl acetate. The ethyl ac tate extract was washed with water and brine, then dried (sodium sulfate), filtered 
and stripp d. The residue was flash chromatographed twice (Merck silica gel, 2% acetic acid in thyl ac tate). 
55 Product fractions were checked by HPLC. The desired fractions were pooled, stripped, and az otroped twice 
with ethyl acetate. The residue was taken up in a small amount of ethyl acetat and triturated with h xan s. 
The solv nt was stripped and the residue was slurried in hexanes, stripped and dried in vacu t give 98.3 
mg. of the title product as a hard whit foam! TLC(2% acetic acid in ethyl acetate) R, = 0.46; [a] D = -57.0° 
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10 



(c = 0.4, chloroform). 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eiuted with 40% A: 90%water-10% methanol-0.2% phosphoric 
acid and 60% B: 10% water-90% methanol-0.2% phosphoric acid; flow rate 1 .5 mUmin detecting at 220 nm; 
tR=8.33min.(95.0%). 



Anal, calc'd. for C 18 H22N 2 0 4 S2 • 0.2 ethyl acetate: 



Found 



C f 54.79; 


H f 5.77; 


N, 6.80; 


C, 54.59; 


H, 6.04; 


N, 6.59; 



S, 15.56. 
S, 15.16. 



EXAMPLE 3 



15 



20 



25 



30 



35 



40 



45 



50 



55 



[4S-[4a(RVaJ0aMK>ctahydK^ 
b][1,3]thiazepine-7-carboxylic acid 



a) [S-^R')]-2-[I2-Phthalimido-4-(acetM acid, methyl ester 

A cold (0°C.) solution of triphenylphosphine (1.143 g., 4.36 mmol.) in tetrahydrofuran (20 ml.) was treated 
with diisopropyt azidodicarfooxylate (860 pi., 883 mg., 4.37 mmol.). Within 5 minutes a white slurry developed. 
After 30 minutes, a solution of [S-(R*,R>2-[(2-phthalimido^hydroxy-1-oxobutyl]aminol-6 f 6-dimethoxyhex- 
anoic acid, methyl ester (prepared as described in Example 1(f), 928 mg., 2.19 mmol.] in tetrahydrofuran (8 
ml.) was added followed by neat thioacetic acid (31 2 uJ., 332 mg., 4.36 mmol.). The mixture was stirred at 0°C. 
for 1.25 hours, then partitioned between 50% saturated sodium bicarbonate and ethyl acetate. The ethyl acet- 
ate extract was washed with brine, dried (sodium sulfate), filtered and stripped. The residue was redissolved 
in ethyl acetate and treated with a small amount of hexane to precipitate triphenylphosphine oxide. The mixture 
was filtered and the filtrate was flash chromatographed (Merck silica gel, 65:35-ethyl acetate:hexanes) to give 
894 mg. of the title product as a colorless oil. TLC (75:25 - ethyl acetate:hexanes) Rf = 0.43. 

b) {4S-(4tt,7a,10ap)}-Octahydro-4-phthalimto^ acid, me- 
thyl ester 

A de-oxygenated (argon bubbling) solution of the product from part (a) (814 mg., 1 .65 mmol.) in methanol 
(15 ml.) at 0°C. was treated with sodium methoxide (25% by weight in methanol, 1.05 ml., 4.6 mmol.). After 5 
minutes, the mixture was quenched with saturated ammonium chloride, diluted with water, and extracted with 
ethyl acetate. The ethyl acetate extract was washed with water and brine, then dried (sodium sulfate), filtered 
and stripped. The residue was redissolved in methylene chloride (180 ml.) and stirred at room temperature 
with Amberlyst® 1 5 ion exchange resin (285 mg., pre-washed successively with 6 N hydrochloric acid, water, 
tetrahydrofuran, then methylene chloride). After 46 hours, the solution was filtered, stripped and flash chro- 
matographed (Merck silica gel, 1 :1 -ethyl acetate:hexanes) to give 314 mg. of the title product as a white foam. 
Trituration of the foam with ethyl ether produced the title product as a white solid; m.p. = 147 - 148°C. TLC 
(75:25 - ethyl acetate:hexanes) Rf = 0.56; [a] D = -143.2° (c = 0.6, chloroform). 

c) [4S-[4q(R*),7a t 10aM>Octahyd^ 
b][1,3]thiazepine-7-carboxylic acid, methyl ester 

The product from part (b) (280 mg., 0.72 mmol.) in methanol (8 ml.) was treated with hydrazine monohy- 
drate (42 ul., 43.3 mg., 0.86 mmol.) and the solution was stirred at room temperature for 67 hours. The mixture 
was filtered and the solid was washed with methanol. The filtrate was stripped, triturated with methylene chlor- 
ide, filtered again and stripped to give the crude amine as a yellow oil (about 205 mg.). 

A cold (0° C.) solution of (S)-2-(acetytthio)benzenepropanoic acid (1 78 mg., 0.79 mmol.) and triethylamine 
(111 uL, 80 mg., 0.80 mmol.) in methylen chloride (3 ml.) was treated with the above amine (as a solution in 
7 ml. methylene chloride) follow d by benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophos- 
phate (353 mg., 0.80 mmol.). The solution was stirred at 0°C. for 1 hour and then at room temperature for 2 
hours. The solvent was stripped and th residue was partitioned between ethyl acetate and 5% potassium bi- 
sulfate. Th organic layer was washed successiv ly with water, 50% saturated sodium bicarbonate and brine, 
then dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica gel, 
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1:1-ethylacetate:hexanes)t giv 272 mg. of the pure title product as a white f am. 

d) [4S-[4a(R*),7q t 1 0affll-Octahydro-4-{(2-m rcapto-1-oxo-3-phenylpropyi)amino}-5-oxo-7H-pyridoI2 t 1- 
b][1,3]thiazepine-7-carboxylic acid 

5 

A room temperature solution of the product from part (c) (227 mg. f 0.49 mmol.) in methanol (5 ml., de- 
oxygenated via argon bubbling) was treated with 1 N sodium hydroxide (8 ml,, deoxygenated via argon bub- 
bling). After stirring for 1 hour, the mixture was acidified with 10% hydrochloric acid, diluted with water and 
extracted with ethyl acetate. The ethyl acetate extract was washed with water and brine, then dried (sodium 
10 sulfate), filtered and concentrated. The resulting solid was slurried in ethyl acetate and collected by filtration. 
The filtrate was flash chromatographed (Merck silica gel, 1 % acetic acid in ethyl acetate) and the desired frac- 
tions were pooled, stripped, and triturated with ethyl acetate/ethyl ether to give additional solid. The solids were 
pooled to give a total of 150 mg. of the title product; m.p. 216 - 217°C. (decomp.). TLC (2% acetic acid in ethyl 
acetate) Rf = 0.56; 
15 [a] D = -72.6° (c = 0.28, dimethyiformamide). 

H PLC YMC S3 ODS column (6.0 x 1 50 mm); eluted with 40% A 90% water-1 0% methanol-0.2% phosphoric 
acid and 60% B: 1 0% water-90% methanol-0.2% phosphoric acid; flow rate 1 .5 ml/min detecting at 
220 nm; t R = 9.48 min. (97.4%). 



20 


Anal, calc'd. for C^H^C^Sj • 0.14 ethyl acetate: 






C, 55.82; 


H, 6.02; 


N, 6.66; 


S, 15.24; 




Found 


C, 55.53; 


H f 6.01; 


N, 6.63; 


S, 14.91. 
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EXAMPLE 4 

KS-[4g(R^,7a,9ttM]-Octahydro-4-[(2-mera 
pine-7-carboxylic acid 

a) (S)-2-Phthalimido-5-oxo-5-(phenylmethoxy)pentanoic acid 

To a solution of r-benzyi-L-glutamate (17.49 g. f 73.70 mmol.) in aqueous (180 ml.) sodium carbonate (7.81 
g„ 73.70 mmol.) and dioxane (120 ml.) was added N-carbethoxyphthalimide (16.50 g„ 75.27 mmol., 1.02 eq.). 
After stirring at room temperature for 4.5 hours, The reaction mixture was acidified with 6N hydrochloric acid 
(30 ml.) and extracted into ethyl acetate (2 x 400 ml.). The combined ethyl acetate extracts were washed with 
50% brine (200 ml.), and brine (200 ml.), dried over sodium sulfate, filtered, concentrated and dried in vacuo 
to yield a crude oil (41.4 g.). To a solution of the crude residue in ethyl ether (100 ml.) was added dicydohex- 
ylamine (14 ml.). After standing in the refrigerator overnight, the ethyl ether was removed by rotary evaporation 
and the oily residue was crystallized from ethyl acetate/ hexane. The resulting precipitate was collected by fil- 
tration, washed with hexane and dried in vacuo to yield 21 .21 g. of the title product as the dicyclohexyl amine 
salt A suspension of this dicyclohexylamine salt in ethyl acetate (200 ml.) was washed with 5% potassium bi- 
sulfate (3 x 50 ml.), brine (50 ml.) and.dried over magnesium sulfate, filtered and concentrated to yield 13.5 g. 
of the title product as a white foam. TLC: (3% acetic acid in 9:1 ethyl acetate:heptane) R, = 0.30. 

b) (S)-2-Phthalimido-5-oxo-5-(phenylmethoxy)pentanoic acid, methyl ester 

To a solution of the product from part (a) (1 3.22 g., 36.0 mmol.) and cesium carbonate (5.86 g., 1 8.0 mmol.) 
in dimethyiformamide (100 ml.) was added iodomethane (8.1 ml., 129.6 mmol., 3.6 eq.). The yellow solution 
was stirred for 2.5 hours, and was then partitioned between ethyl acetate (300 ml.) and water (250 ml.). The 
ethyl acetate extract was washed with 5% sodium bicarbonate (200 ml.) and brine, dried over magnesium sul- 
fate, filtered and concentrated to yield 13.68 g. a yellow oil. The residue was purified by chromatography on 
a 5 x 20 cm. silica gel column eluting with 30% ethyl acetate/h xane. The desired fractions w re combined 
and concentrated to yield 10.0 g of th title product TLC (1 :1 , ethyl ac tate:hexane) R f = 0.45. 
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c) (S)-2-Phthalimido^(carboxy)butanoicacid, methyl ster 



T a solution of th product from part (b) (10.0 g. f 26.22 mmol.) in ethyl acetate (115 ml.) was added 20% 
palladium hydroxid on carbon catalyst (1 .90 g.) and th resulting suspension was stirred under hydrogen at- 
5 mosphere (balloon) for 2.5 hours. The mixture was filtered, washed thoroughly with ethyl acetate, concentrated 
and dried in vacuo to yield 729 g. of crude title product as a white solid; m.p. 137-138°C. TLC (10% metha- 
nol/ methylene chloride) Rf = 0.43. 

d) (S)-,2-Phthalimido-5-oxo-5-(ethylthio)pentanoic acid, methyl ester 

10 

To a solution of the product from part (c) (7.27 g., 24.95 mmol.) in methylene chloride (125 ml.) at 0° C 
under argon was added ethanethiol (4.81 ml., 64.92 mmol., 2.6 eq), 4-dimethylaminopyridine (609 mg. f 4.99 
mmol., 0.2 eq.) and ethyl-3-(3-dimethylamino)propyl carbodiimide, hydrochloride salt (5.27 g., 27.47 mmol., 
1 .1 eq.). After stirring at 0° C for 2 hours and at room temperature for 1 hour the reaction was concentrated, 
is diluted with ethyl acetate (400 ml.) and washed with 5% potassium bisuffate (200 ml.), saturated sodium bi- 
carbonate (200 ml.), and brine (200 ml.), dried over sodium sulfate, filtered, concentrated and dried in vacuo 
to yield 8.30 g. of title product as a crude oil. TLC (1:1, ethyl acetate:hexane) R, = 0.47. 

e) (S)-2-Phthalimido-5-oxopentanoic acid, methyl ester 

20 

A suspension of the product from part (d) (8.30 g., 24.75 mmol.) and 10% palladium on carbon (1 .24 g.) 
in acetonitrile (1 50 mi.) under argon was treated dropwise with triethyisilane (7.91 ml., 49.5 mmol., 2 eq.). After 
stirring at room temperature for 45 minutes, the mixture was filtered, concentrated and dried in vacuo . The 
crude residue was purified by chromatography on a 5 x 25 cm silica gel column eluting with 25% ethyl acet- 
25 ate/ hexane (41.) followed by 35% ethyl acetate/hexane (21.). The desired fractions were combined to yield 5.60 
g. of title product 

TLC (1:1, ethyl acetate:hexane) Rf = 0.32. 

f) (S)-2-Phthalimido-5,5-dimethoxypentanoic acid, methyl ester 

30 

A solution of the product from part (e) (5.60 g., 20.34 mmol.) in methanol (60 ml.) and methylene chloride 
(40 ml.) was treated with trimethylorthoformate (3.8 ml., 34.59 mmol., 1 .7 eq.) and p-toluenesulfonic acid mono- 
hydrate (280 mg.). After stirring at room temperature for 1.5 hours the reaction was quenched with 2 ml. of 
saturated sodium bicarbonate, concentrated, and partitioned between ethyl acetate (400 ml.) and water (100 
35 ml.). The ethyl acetate extract was washed with saturated sodium bicarbonate (1 00 ml.), brine (100 ml.), dried 
over magnesium sulfate, filtered and concentrated to a crude oil. The crude residue was purified by chroma- 
tography on a 5 x20 cm silica gel column eiuting with 30% ethyl aceatate/hexane (21.). The desired fractions 
were combined, concentrated and dried in vacuo to yield 6.20 g. of title product TLC (1 :1 , ethyl acetate:hexane) 
R f = 0.40. 

40 

g) (S)-2-Amino-5,5-dimethoxypentanoic acid, methyl ester 

Asolution of the product from part (f) (6.16 g., 19.18 mmol.) in methanol (125 ml.) was treated with hydra- 
zine monohydrate (0.98 ml., 20.14 mmol., 1.05 eq). After stirring at room temperature for 6 days, the resulting 
45 slurry was filtered, concentrated, triturated in methylene chloride, filtered, concentrated and dried in vacuo to 
afford 3.57 g. of title product as a cloudy oil. 
TLC (10% methanol in methylene chloride) Rf = 0.41. 

h) [S-(R\R*)]-2-n2-Phthalimido-4-(tri^ acid, me- 
50 thyl ester 

Asolution of (S)-2-phthalimido-4-(triphenylmethoxy)butanoicacid, triethylamine salt [prepared as descri- 
bed in Example 1(b), 11.62 g., 19.60 mmol., 1.05 eq.] in methylene chlorid (100 mi.) at 0° C was treat d with 
b nzotria2ol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate reagent (8.67 g„ 19.60 mmol., 
55 1 .05 eq.). The mixture was stirred for 45 minutes at 0° C, then treated with a solution of the product from part 
(g) (3.57 g., 18.67 mmol.) in methylene chlorid (50 ml.). After 10 minutes at 0° C and 2 hours at room tem- 
perature, the solution was partitioned between ethyl acetat (300 ml.) and water (100 ml.). The ethyl acetat 
layer was washed with 50% saturated sodium bicarbonate (100 ml.) and brine (100 ml.), dried over magn sium 
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sulfate, filtered and concentrated. The residu was purified by chromatography on a 5 x 25 cm silica g I column 
luting with 1:1 thyl acetate/h xane affording 8.58 g. of title product TLC (1:1, ethyl acetate:hexane) Rf = 
0.20. 

5 i) [S-(R*,R*)}-2^2-Phthalimido-4-hydroxy-1-oxobutyl)amin ^,5-dimethoxypentanoic acid, methyl ster 

A solution of the product from part (h) (8.58 g., 12.91 mmol.) in methanol (100 ml.) was treated with p- 
toiuensulfonic acid monohydrate (850 mg.). After stirring at room temperature for 3.5 hours, the mixture was 
partitioned between ethyl acetate (200 ml.) and 10% saturated sodium bicarbonate (100 ml.). The phases were 

10 separated and the aqueous layer was extracted again with ethyl acetate (100 ml.). The combined ethyl acetate 
extracts were washed with brine, dried over magnesium sulfate, filtered and concentrated. The residue was 
purified by chromatography on a 5 x 20 cm silica gel column eluting with 8:2 ethyl acetaterhexane (11.) followed 
by 1% methanol in ethyl acetate (21.). The desired fractions were combined, concentrated and dried in vacuo 
to yield 4.33 g. of title product 

15 TLC (8:2 ethyl acetateihexane) = 0.21. 

j) [4S-(4a,7a,9aP)]-Octohydro-4-phthalimM^ acid, methyl es- 

ter 

20 A solution of the product from part (i) (1 .89 g., 4.48 mmol.) in methylene chloride (90 ml.) was treated with 
Amberlyst<6> 15 ion exchange resin (400 mg. ( pre-washed successively with 6N hydrochloric acid, water, tet- 
rahydrof uran and methylene chloride). After stirring at room temperature for 3 hours the solution was filtered, 
concentrated and flash chromatographed on a 5 x 1 5 cm silica gel column eluting with 6:4 ethyl acetateihexane 
to afford 1.51 g. of title product as a white foam. 

25 TLC (8:2 ethyl acetateihexane) R f = 0.32. 

k) [4S^4a,7a,9aP)]^Amino-octahydro-5-oxo acid, methyl ester 

The product from part (j) (764 mg., 2.1 3 mmol.) in methanol (1 5 ml.) was treated with hydrazine monohy- 
30 drate (109 jit, 2.24 mmol., 1.05 eq.) and the solution was stirred at room temperature for 4 days. The mixture 
was filtered and the solid was washed with methanol. The filtrate was concentrated, triturated with methylene 
chloride, filtered again and concentrated. The residue was purified by chromatography on a 2 x 15 cm silica 
gel column eluting with 3% methanol in methylene chloride (31.) followed by 10% methanol in methylene chlor- 
ide (11.). The desired fractions were combined and concentrated to afford 451 mg. of title product as an oil. 
35 TLC (10 % methanol in methylene chloride) Rf = 0.18. 

I) [4S-r4q(Rg7a,9aP]]-0(tehydro^ 
azepine-7-carboxylic acid, methyl ester 

40 A suspension of the dicyclohexylamine salt of (S)-2-acetyithio-3-benzenepropanoic acid [prepared as de- 
scribed in Example 1 (h), 870 mg., 2.14 mmol., 1.14 eq.] in ethyl acetate (70 ml.) was washed with 5% potassium 
bisulfate (5 x 20 ml.), 50% brine (20 ml.), and brine (20 ml.), dried (anhydrous sodium sulfate), filtered, con- 
centrated and dried in vacuo overnight to give (S)-2-(acetylthio)benzenepropanoic acid. 

This free acid was dissolved in dry methylene chloride (10 ml.), cooled to 0° C (ice-salt bath) and treated 

45 with triethylamine (298 pi, 2.14 mmol.) followed by a solution of the product from part (k) (430 mg., 1.88 mmol.) 
in methylene chloride (10 ml.) and benzotriazoM-yloxytris(dimethylamino) phosphonium hexafluorophos- 
phate (947 mg., 2.14 mmol., 1.14 eq.). The resultant solution was stirred at 0° C for 50 minutes then at room 
temperature for 3 hours. The reaction mixture was concentrated, diluted with ethyl acetate (150 mi.), washed 
with 0.5 N hydrochloric acid (50 mi.), water (50 ml.), saturated sodium bicarbonate (50 ml.), water (50 ml.) and 

so brine (50 ml.), dried (anhydrous magnesium sulfate), filtered, and evaporated to dryness. The crude product 
was adsorbed onto Celite® and chromatographed on a silica gel column (5x10 cm), eluting with 60% ethyl 
acetate/hexane (31.). The desired fractions were combined and concentrated, affording 779 mg. of pure title 
product TLC (6:4, ethyl acetate:h xane) Rf = 0.17. 

55 m)[4S-[4a(R*),7a T 9a t pll-OctahydrD-4-[(2-m rcapto-1-oxo-3-phenylpropyl)amino1-5-oxopyrrolo[2,1-b][1 t 31ox- 
azepine-7-carboxylic acid 



A solution of the product from part (I) (754 mg., 1 .74 mmol.) in methanol (1 5 ml.) was purged with argon 
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10 



15 



20 



for 30 minutes, cooled to 0°C (ice-salt bath) then treated dropwise with a previ usly purged (argon, 30 minut s) 
solution of 1 .0 N sodium hydroxide (12 ml.) maintaining the bubbling of argon throughout the addition and length 
of the reaction. The reaction mixtur was stirred at 0°C for 3 hours, acidified at 0°C with 5% potassium bisuffate 
to pH 1 th n xtracted with ethyl ac tate (3 x 100 ml.). The combined organic extracts were washed with 50% 
brine (100 ml.), brine (100 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in 
vacuo to yield a white foam. The residue was purified by chromatography on a 2.5 x 15 cm silica gel column 
eluting with ethyl acetate (500 ml.) and 0.3% acetic acid in ethyl acetate (11.). The desired fractions were con- 
centrated, stripped with chloroform and dried in vacuo overnight at 50° C over phosphorus pentoxide to yield 
the title product as a white foam; m.p. 88 - 92°C; [a] D = -63.8° (c = 1.0, methanol). 
TLC (1% acetic acid in ethyl acetate) R f = 0.24. 

iH-NMR: 400 MHz; CDCI 3 : 5 1.80 - Z31 (m's, 7H), 3.10 (m, 1H), 3.27 (m, 1H), 3.63 (m, 1H), 4.0 (m, 1H), 4.20 
(m, 1H), 4.49 (m, 1H) f 4.75 (m, 1H), 5.23 (m, 1H), 7.19 - 7.30 (m's, 5H), 7.52 (d, 1H, J = 6 Hz). 
13 C-NMR: 100 MHz; CDCI 3 : S 26.4, 32.0, 32.6, 41.2, 44.2, 53.0, 59.4, 70.6, 89.47, 126.9, 128.4, 129.3, 137.4, 
171.2,171.6,174.8. 



Anal. caic'd. for C^H^^OgS • 0.85 H 2 0; 



Found: 



C, 54.91; 


H, 6.07; 


N, 7.12; 


C, 54.85; 


H, 5.68; 


N,7.18, 



S, 8.14 
S, 8.14. 



HPLC: t« = 13.5 min (96.7%, UV 220); YMC S-3 ODS (C-18) 6.0 x 150 mm; 30% BA- 100% BiA, 25 minute 
linear gradient (A = 90% water/methanol + 0.2% phosphoric acid B = 90% methand/water +0.2% phosphoric 
acid) flow rate at 1.5 mlVmin. 



25 



EXAMPLE 5 



[4S-[4a(RVa t 9apl]-Octahydro-^ 
pine-7-carboxylic acid 

a) [S-(^R^2-n2-Phthalimido-4-te^ acid, methyl es- 
ter 

A0°C solution of triphenylphosphine (1 .26 g., 4.79 mmol., 1 .5 eq.) in dry tetrahydrof uran (1 5 ml.) was treat- 
ed with diisopropyi azodicarboxylate (943 pi., 4.79 mmol.). The resultant white slurry was stirred for 30 minutes 
and then treated with a solution of [S-(R* t R*)]-2-[(2-phthalimido-4-hydroxy-1-oxobutyl)aminoJ-5,5-dimethox- 
ypentanoic acid, methyl ester [prepared as described in Example 4(i), 1.35 g., 3.20 mmol.] in dry tetrahydro- 
furan (15 ml.) followed by neat thiolacetic acid (343 pi., 4.79 mmol.). The mixture was stirred at 0°C for 1.5 
hours and then partitioned between ethyl acetate (150 ml.) and 50% sodium bicarbonate (100 ml.). The ethyl 
acetate layer was washed with brine, dried over magnesium sulfate, filtered, concentrated, adsorbed onto Cel- 
ite® and dried in vacuo. The crude material was purified by chromatography on a 2.5 x 15 cm silica gel column 
eluting with 1:1 ethyl acetate:hexane (11.) and 6:4 ethyl acetateihexane (11.). The desired fractions were com- 
bined, concentrated and dried in vacuo affording 1 .35 g. of title produce as an oil. TLC (8:2, ethyl acetate:hex- 
ane) Rf = 0.42. 

b) [S-(R*,R^]-2-[(2-Phthalimido-4-mercapto-1-oxobutyi)aminol-5,5-dimethoxypentanoic acid, methyl ester 

A de-oxygenated (argon bubbling) solution of the product from part (a) (1.33 g., 2.76 mmol.) in methanol 
(25 ml.) at 0° C was treated with sodium methoxide (25% by weight in methanol, 1 .52 ml., 6.63 mmol., 2.4 eq.). 
After 3 minutes, the mixture was quenched with saturated ammonium chloride (3 ml.), diluted with water, and 
extracted with ethyl acetate (100 ml.). The ethyl acetate extract was washed with water (50 ml.) and brine (50 
ml.), dried over sodium sulfate, filtered and concentrated. The residue was purified by chromatography on a 
5 x 15 cm silica gel column eluting with 1:1 (31.) followed by 8:2 (21.) ethyl acetate:hexane. The desired product 
containing fractions were combined and concentrated to yield 853 mg. of title compound as an oil. TLC (8:2, 
ethyl acetate:hexane) Rf = 0.43. 
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c) [4S-(4a,7a,9apfrOctehydro-4-phthalimM^ acid, methyl 
ester 

A solution of product from part (b) (847 mg., 1.93 mmol.) in methylene chloride (20 ml.) was treated with 
5 Amberlyst® 15 ion xchange resin (700 mg. f pre-washed successiv ly with 6N hydrochloric acid, water, tet- 
rahydrof uran and methylene chloride). After stirring at room temperature for 1 7 hours the solution was filtered, 
concentrated and flash chromatographed on a 2.5 x 1 5 cm silica gel column eluting with 1 :1 ethyl acetate:hex- 
ane to afford 691 mg. of title product as a white foam. 
TLC (8:2 ethyl acetate:hexane) Rf = 0.48. 

10 

d) [4S-(4tt,7a,9ap)]-4-Amino-octahydro-5-oxopyiTri^ acid, methyl ester 

The product from part (c) (899 mg., 2.40 mmol.) in methanol (17 ml.) was treated with hydrazine monohy- 
drate (122 *il. f 2.52 mmol., 1.05 eq.) and the solution was stirred at room temperature for 3 days. The mixture 
15 was filtered and the solid was washed with methanol. The filtrate was concentrated, triturated with methylene 
chloride, filtered again, concentrated, and dried in vacuo to yield 572 mg. of title product as a cloudy oil. TLC 
(10% methanol in methylene chloride) Rf = 0.13. 

e) [4S^4a(R*) Jg,9apfrOctahydro^n2^ 

20 b][1,3]thiazepine-7-carboxylic acid, methyl ester 

A suspension of the dicyclohexylamine salt of (S)-2-(acetylthio)benzenepropanoic acid [prepared as de- 
scribed in Example 1 (h), 1.045 g., 2.58 mmol., 1.1 eq] in ethyl acetate (100 ml.) was washed with 5% potassium 
bisulfate (5 x 25 ml.), 50% brine (25 ml.), and brine (25 ml.), dried (anhydrous sodium sulfate), filtered, con- 

25 centrated and dried in vacuo for one hour to give (S)-2-(acetyithio)-benzenepropanoic acid. 

This free acid was dissolved in dry methylene chloride (10 ml.), cooled to 0°C (ice-salt bath) and treated 
with triethylamine (360 p!., 2.58 mmol.), benzotriazol-1-y1oxytris(dimethylamino)phosphonium hexafluoro- 
phosphate (1.141 g. ( 2.58 mmol.) and then a solution of the product from part (d) (572 mg. ( 2.34 mmol.) in me- 
thylene chloride (10 ml.). The resultant solution was stirred at 0°C for 30 minutes then at room temperature 

30 for 2.5 hours. The reaction mixture was concentrated, diluted with ethyl acetate (100 ml.) washed with 0.5 N 
hydrochloric acid (50 ml.), water (50 ml.), saturated sodium bicarbonate (50 ml.), water (50 ml.) and brine (50 
ml.), dried (anhydrous magnesium sulfate), filtered, and evaporated to dryness. The crude product was adsor- 
bed onto Celite® and chromatographed on a silica gel column (5x10 cm), eluting with 25%(5I.), 30%(2I.), 
35%(2l.) f and 40%(2I.) ethyl acetate/hexane. The mixed fractions were combined and rechromatographed elut- 

35 ing with the same gradient The desired fractions were combined and concentrated, affording 490 mg. of pure 
title product 

TLC (1:1, ethyl acetaterhexane) R f = 0.16. 

Q[4S-[4a(R^,7a,9aB1l-Octahydro-4-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-5 
40 zepine-7-carboxylic acid 

A solution of the product from part (e) (490 mg., 1.09 mmol.) in methanoktetrahydrofuran (8 ml.: 4 ml.) 
was purged with argon for 30 minutes, cooled to 0°C (ice-salt bath) then treated dropwise with a previously 
purged (argon, 30 minutes) solution of 1.0 N sodium hydroxide (10 ml.) maintaining the bubbling of argon 

45 throughout the addition and length of the reaction. The reaction mixture was stirred at 0°C for 3 hours, acidified 
at 0°C with 5% potassium bisulfate to pH 2 then extracted with ethyl acetate (3 x 75 ml.). The combined organic 
extracts were washed with brine (75 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness 
and dried in vacuo to yield a white foam (489 mg.). The residue was purified by chromatography on a 2.5 x 1 5 
cm silica gel column eluting with 9:1 ethyl acetate:heptane (400 ml.) and 0.5% acetic acid in 9:1 ethyl acet- 

50 ate:heptane (11.). The desired fractions were concentrated, stripped with methylene chloride/heptane and dried 
in vacuo to yield 428 mg. of product The pure material was recrystallized from a mixture of ethyl acetate/me- 
thanol/hexane. The crystals were collected by filtration, washing thoroughly with ethyl ether, and dried in vacuo 
vernight at 40°C ov r phosphorus pentoxide to yield 305 mg. of title product as white crystals; m.p. 206 - 
208°C; [a] D = -96.3° (c = 1.0, methanol). 

55 TLC (5% acetic acid in 9:1 ethyl acetaterheptane) R f = 0.29. 

1 H-NMR: 400 MHz; CDCI 3 w/ 2 drops CD 3 OD: 8 1 .94(m, 1 H), 2.02(d, 1 H, J = 9 Hz), 2.08(m, 1 H), 2.20 - 2.55(m's, 
4H), 2.95(m, 1H). 3.08(m, 1H), 3.23 (m, 1H), 3.27 (m, 1H), 3.59 (m, 1H), 4.54 (t, 1H, J = 7.3 Hz), 4.60 (m, 1H), 
5.23 (m, 1H), 7.18 - 7.34 (m's, 5H), 7.63 (d, 1H, J = 6 Hz). 
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13 C-NMR: 100 MHz; CDCI 3 w/ 2 drops CD 3 OD: 6 27.6, 31.1, 32.1, 32.9, 41.1, 44.0, 52.8, 60.4, 62.2, 126.77, 
128.3, 129.0, 137.4, 170.2, 171.4. 172.6. 





Anal, calc'd. for C^H^C^ • 0.08 H 2 0: 


5 




C, 54.60; 


H,5.64; 


N.7.07; 


S, 16.19 




Found: 


C, 54.65; 


H, 5.54; 


N, 7.02, 


S, 15.80. 



HPLC: t„ = 13.0 min (98.8%, UV 220); YMC S-3 ODS (C-18) 6.0 x 150 mm; 40% BA- 100% B:A, 25 minute 
linear gradient (A = 90% water/methanol + 0.2% phosphoric acid; B = 90% methanol/water + 02% phosphoric 
acid); flow rate at 1 .5 ml/min. 

EXAMPLE 6 

[4S-[4a(R^,7g,9aP)]]-0(tehydro-4-[(2-m^ 
zepine-7-cart)Oxylic acid 

The product of Example 5 was also prepared as follows: 

a) N-[(Phenylmethoxy)carbonyl]-L-hornoserine 

N-(Benzyloxycart>onyloxy)succinimide (23.57 g., 94.58 mmoi.) was added to a solution of L-homoserine 
(1024 g., 85.98 mmol.) and sodium bicarbonate (7.95 g., 94.58 mmol., 1.1 eq.) in a mixture of water (100 ml.) 
and acetone (1 00 ml.). The mixture was stirred at room temperature overnight The acetone was removed un- 
der reduced pressure (rotovap) and the aqueous solution was washed with methylene chloride (2 x 75 ml.). 
The aqueous layer was then acidified to pH 2 by addition of 6N hydrochloric acid and extracted with ethyl acet- 
ate (2 x 250 ml.). The combined ethyl acetate layers were washed with water (2 x 100 ml.) and brine, dried 
over sodium sulfate, filtered, concentrated and dried in vacuo to afford 1 9.54 g. of title product as a white solid. 
TLC (ethyl acetate:n-butanol:acetic acid:waten 2:1:1:1) R f = 0.74 

b) N-[(Pheny!methoxy)carbonyl]-0-(triphenylmethyl)-L-homoserine 

To a suspension of the product from part (a) (19.51 g., 77.04 mmol.) in chloroform (250 ml.) was added 
triethyiamtne (12.35 ml., 88.59 mmol., 1.15 eq.). The homogeneous mixture was treated with triphenytmethyl 
chloride (24.70 g., 88.59 mmol.) and the reaction was stirred for 3 hours. The reaction mixture was concen- 
trated under reduced pressure (rotovap), partitioned between ethyl acetate (400 ml.) and 5% potassium bisul- 
fate (200 ml.). The ethyl acetate layer was washed with 5% potassium bisutfate (200 ml.), water (2 x 200 ml.), 
and brine (200 ml.), dried over sodium sulfate, filtered, and concentrated to yield 45.4 g. material. The residue 
was chromatographed on a 10 x 30 cm silica gel column eluting with 6:4 ethyl acetate:hexane (21.) followed 
by 1% acetic acid in 8:2 ethyl acetate:hexane to give 8.76 g. of pure title compound. 

c) (S)-2-Amino-5,5-dimethoxypehtanoic acid, methyl ester 

(S)-2-Phthalimido-5,5-dimethoxypentanoic acid, methyl ester [prepared as described in Example 4 (0, 
3.35 g., 10.43 mmol.) in methanol (70 ml.) was treated with hydrazine monohydrate (531 10.95 mmol., 1.05 
eq.) and the solution was stirred at room temperature for 6 days. The mixture was filtered and the solid was 
washed with methanol. The filtrate was concentrated, triturated with methylene chloride, filtered again, con- 
centrated, and dried in vacuo to yield 1 .89 g. of title product as a cloudy oil. 
TLC (10% methanol in methylene chloride) Rf = 0.39. 

d) [S-^R*)]-2-[g-fl(Phenylmethoxy)rarb^ 
thoxypentanoic acid, methyl est r 

A solution of the product from part (b) (5.28 g., 1 0.65 mmol., 1.1 eq.) in dry methylen chloride (50 ml.) at 
0°Cwas treated with triethylamine (1.48 ml., 10.65 mmol.), followed by the product from part (c) (1.85 g., 9.68 
mmol.) in dry methylene chlorid (30 ml.) and benzotriazol-1-yloxytris(dimethylamino)-phosphonium hexa- 
fluorophosphate (4.71 g., 10.65 mmol., 1.1 eq.). The mixture was stirred for 1 hour at 0°C and then stirred at 



34 



EP0 629 627A2 



room temperature for 2 hours. The reaction mixture was partitioned between ethyl acetate (300 ml.) and water 
(150 ml.). Th ethyl acetate layer was wash d with 50% saturated sodium bicarbonate (200 ml.) and brine (2 
x 200 ml.), dri d ov r magnesium sulfate, filtered, concentrated, adsorbed onto Celite® and purif i d on a 7 x 
20 cm silica gel column eluting with 40% thy! acetate/hexane (31.), followed by 50% (21.) thyl acetate/h xane 
5 affording 4.84 g. of titl product 

TLC (ethyl acetate: hexane, 1:1) Rf = 022. 

e) [S-(R\R*)]-2-[g-B(Phenylmethoxy)ra 
ic acid, methyl ester 

10 

A solution of the product from part (d) (4.80 g„ 7.18 mmol.) in methanol (70 ml.) was treated with p-tolue- 
nesulfonic acid monohydrate (300 mg.). After stirring at room temperature for 2 hours, the mixture was parti- 
tioned between ethyl acetate (400 ml.) and 25% saturated sodium bicarbonate (200 ml.). The phases were 
separated and the aqueous layer was extracted again with ethyl acetate (100 ml.). The combined ethyl acetate 
is extracts were washed with brine, dried over magnesium sulfate, filtered and concentrated. The residue was 
purified by chromatography on a 5 x 20 cm silica gel column eluting with 7:3 (11.), 8:2 (11.) ethyl acetate:hexane 
followed by 10% methanol in ethyl acetate (21.). The desired fractions were combined, concentrated and dried 
in vacuo to yield 2.92 g. of title product TLC (ethyl acetaterhexane, 8.2) R, = 0.09. 

20 f) [S-^R*)]-2-g2-B(PhenYlmethoxy)carbony^ 
note acid, methyl ester 

A 0° C solution of triphenylphosphine (3.06 g., 11 .65 mmol., 1 .7 eq.) in dry tetrahydrof uran (40 ml.) was 
treated with diisopropyl azodicarboxylate (2.29 ml., 11 .65 mmol.). The resultant white slurry was stirred for 30 

25 minutes and then treated with a solution of the product from part (e) (2.92 g. t 6.85 mmol.) in dry tetrahydrof uran 
followed by neat thiolacetic acid (833 jjJ., 11.65 mmol.). The mixture was stirred at 0° C for 2 hours and then 
partitioned between ethyl acetate (300 ml.) and 50% sodium bicarbonate (200 ml.). The ethyl acetate layer 
was washed with brine, dried over magnesium sulfate, filtered, concentrated, adsorbed onto Celite® and dried 
in vacuo. The crude material was purified by chromatography on a 5 x 20 cm silica gel column eluting with 1:1 

30 ethyl acetate:hexane (31.). The desired fractions were combined, concentrated and dried in vacuo affording 
2.58 g. of title product as an off-white solid. TLC (ethyl acetate:hexane f 8:2) Rf = 0.40. 

g) [S-^R*)l-2-[[2-B(Phenylmethoxy)carbonyl]am^ 
noic acid, methyl ester 

35 

A de-oxygenated (argon bubbling) solution of the product from part (f) (2.56 g., 5.28 mmol.) in methanol 
(50 mi.) at 0° C was treated with sodium methoxide (25% by weight in methanol, 3.62 ml., 15.84 mmol., 3 eq.). 
After 10 minutes, the mixture was quenched with saturated ammonium chloride (40 ml.), diluted with water 
(100 ml.), and extracted with ethyl acetate (300 ml.). The ethyl acetate extract was washed with water (100 
40 ml.) and brine (1 50 ml.), dried over magnesium sulfate, filtered and concentrated. The residue was purified by 
chromatography on a 5 x 20 cm silica gel column eluting with 1 :1 (31.) ethyl acetate:hexane. The desired com- 
pound was combined and concentrated to yield 1.99 g. of title product as an oil. TLC (ethyl acetate:hexane, 
8^)Rf = 0.43. 

45 h) [4S-(4a,7a > 9aM]-Octahydro-4-[[(phenylmethoxy)(arbonyl]amino}-5-oxopynTolop -b][1 ,3]thiazepine-7- 
carboxylic acid, methyl ester 

A solution of the product from part (g) (2.16 g„ 4.88 mmol.) in methylene chloride (50 ml.) was treated with 
Amberlyst® 15 ion exchange resin (620 mg., pre-washed successively with 6N hydrochloric acid, water, tet- 
so rahydrofuran and methylene chloride). After stirring at room temperature for 3 hours the solution was filtered, 
concentrated and flash chromatographed on a 5 x 20 cm silica gel column eluting with 6:4 ethyl acetate:hexane 
to afford 1.34 g. of title product as a white foam. TLC (ethyl acetate:hexane, 8:2) R f = 0.51. 

i) [4S-(4a,7a,9ap)]-4-Amino-octahydro-5-oxopy^ acid, methyl ester 

55 

A solution of the product from part (h) (1 .20 g. t 3.17 mmol., stripped with toluene three times and dried in 
vacuo overnight] in dry methylene chloride (40 ml.) was treated with iodotrimethyisilane (632 pi, 4.44 mmol., 
1 .4 eq.) and stirred at room temperature under argon for 1 .5 hours. Th mixture was quenched with water (50 
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ml.), treated with 10% hydrochloric acid (5 ml., pH 1) and washed with ethyl acetate (50 ml.). The aqu ous 
phase was treated with with 10% sodium hydroxid and extracted with methyl n chloride (three times). The 
pooled extracts w re dried over sodium sulfate, filtered, concentrated, and dried in vacuo to yi Id a 396 mg. 
of title product as a clear oil. TLC (10% methanol in methylene chloride) Rf = 0.10. 

5 

j) [4S-[4q(RVa,9apfrOctehydro^[(2^ 
zepine-7-carboxylic acid 

A solution of (S)-2-(acetylthio)benzene-propanoic acid in dry methylene chloride was treated with triethy- 
10 lamine. A solution of the product from part (i) in methylene chloride was then added followed by benzotriazol- 
1-yk>xytris-(dimethylamino)phosphonium hexafluorophosphate. The resultant solution was worked-up as de- 
scribed in Example 5(e) to give [4S^4a(RVa,9apD-octahydr^ 
no]-5^xopynolo[2,1-b][1 t 3]thiazepine-7-carboxylic acid, methyl ester. 

A suspension of this methyl ester product in methanol.letrahydrofuran, purged with argon, was cooled to 
15 0° C and treated with a previously purged solution of 1.0 N sodium hydroxide. Work-up as described in Example 
5(f) gave the title product 

EXAMPLE 7 

20 [4S-[4a(R^ t 7a,9apfrOctahydro4^(3-^ 
b![1 t 3]thiazepine-7-carboxylic acid 

a) [4S-(4q,7a t 9aP)]-4-Amino-<>cte^ acid, methyl ester, p- 
toiuenesurfonic acid salt 

25 

A solution of KS^4o;7a,9a0)]-octar^ ,3]thiazepine- 
7-carboxylic acid, methyl ester [prepared as described in Example 6(h), 738 mg., 1.95 mrnol., stripped three 
times with toluene and dried in vacuo overnight) in dry methylene chloride (25 ml.) was treated with iodotri- 
methyisilane (389 jil., 2.73 mrnol., 1.4 eq.) and stirred at room temperature under argon. After 2 hours the re- 

30 action was treated with additional amounts of iodotrimethyl silane (40 pi.) and stirred for 30 minutes. The mix- 
ture was quenched with a 0.4 M hydrochloric acid solution of methanol:dioxane(9:1 ; 9.7 ml.) and stirred for 5 
minutes. The volatiles were removed in vacuo (Rotovap) and the residue was partitioned between water and 
ethyl acetate. The separated ethyl acetate layer was washed with water and the combined aqueous phase 
washed with ethyl acetate. The aqueous phase was cooled to 0° C and the pH adjusted to 10.3 (monitored 

35 with pH meter) with 1 .0 N sodium hydroxide. The aqueous phase was extracted with methylene chloride (three 
times) and the aqueous phase was then saturated with salt and extracted again with methylene chloride (three 
times). The pooled extracts were dried over sodium sulfate, filtered, concentrated, and dried in vacuo to yield 
455 mg. of the free amine as a clear oil. TLC (10% methanol in methylene chloride) Rf = 0.28. 

This free amine was dissolved in ethyl acetate (5 ml.) and treated with a solution of p-toJuenesulfonic acid 

40 monohydrate (354 mg., 1 eq.) in ethyl acetate (1 ml.). White crystals immediately formed. The cystals were 
stored in refrigerator (5° C) for 30 minutes and then collected by filtration washing well with ethyl ether and 
drying overnight in vacuo to yield 639 mg. of title product as a white solid. 

b) (S)-2-(Acetylthio)-3-cyclohexytpropanoic acid,dicyclhexyiamine salt 

45 

A solution of D-phenylalanine (5.20 g., 31.5 mrnol.) in 2 M hydrochloric acid (75 ml.) in a 500 ml. Parr hy- 
drogenation flask was purged with nitrogen gas and treated with platinum oxide (640 mg., 2.82 mrnol.). Hy- 
drogenation was commenced at P 0 = 42.4 psi in the sealed flask, refilling as necessary. Total hydrogen uptake 
was 83.4 psi (theory 83.8 psi) over 6 hours. The reaction was purged with nitrogen gas and filtered through 

so Celite®, washing the filter cake with hot water. The filtrate was concentrated to about 40 ml. and stored at 5°C 
overnight The resulting solids were collected, washed with a small amount of cold water and dried in vacuo 
at 60° C to give 5.46 g. of (R)-2-amino-3-cyclohexylpropanoic acid, hydrochloride salt. 

To a stirred solution of this hydrochloride salt (2.81 g„ 13.5 mrnol.) in 2.5 N sulfuric acid (32 ml.) at room 
temperature was added potassium bromide (10.0 g., 84 mrnol.). The reaction mixture was cooled to -4° C and 

55 solid sodium nitrite (1 .75 g., 25.4 mrnol.) was added portionwise over one hour, maintaining th temperature 
below 0° C. The reaction foamed and an oil began to form. After addition was complete, the reaction was stirred 
for 1 hour and then warmed to room temperature and stirred for another hour. The reaction mixture was then 
extracted twice with ether, the extracts were dried (magnesium sulfate), filtered and evaporated to give 2.3 g. 
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10 



of (R)-2-bromo-3-cydohexyl propanoic acid as a colorless oil. 

To a stirred slurry of potassium thioacetate (1.07 g., 9.36 mmol.) in dry acetonitrile (15 ml.) at 0°C under 
argon was added a solution of (R)-2-bromo-3-cycloh xylpropanoic acid (2.20 g., 9.36 mmol.) in acetonitril (3 
ml.) ov r 1 0 minutes. The reaction was warmed to room temperature and stirred 1 6 hours. Th resulting slurry 
was f ilt red and evaporated. The residu was redissolved in ethyl acetate, washed once with 5% potassium 
bisulfate solution, dried (sodium sulfate) and evaporated. The oily yellow residue (2.21 g.) was dissolved in 
ether and treated with a solution of dicyclohexylamine (1 .8 ml., 9.0 mmol.) in 5 ml. of ether. Scratching the flask 
surface with a glass rod provided 2.38 g. of white crystalline title product; m.p. 159 - 161°C f [a] D = -41.2° (c = 
1.0, chloroform). 



15 



Anal, calc'd. for C23H41NSO3: 


Found: 


C, 67.11; 
C, 66.95; 


H, 10.04; 
H, 10.12; 


N, 3.40; 
N, 3.25; 


S, 7.79 
S, 7.89. 



20 



25 



30 



35 



40 



45 



SO 



c) [4S^4a(R*),7q,9apIK)ctahydr 
bfl1,3]thiazepine-7-rarboxylic acid, methyl ester 

A suspension of the compound (S)-2-(ac»tylthio)-3-cydohexyipropanoicacid, dicyclohexylamine salt (285 
mg., 0.69 mmol., 1.05 eq.) in ethyl acetate (15 mi.) was washed with 5% potassium bisulfate (3x10 ml.), 50% 
brine (10 ml.), and brine (10 ml.), dried (anhydrous magnesium sulfate), filtered, concentrated, stripped with 
methylene chloride (twice) and dried in vacuo for one hour to give (S)-2-(acetylthto)-3-cydohexylpropanoic acid 
as an oil. 

This free acid of was dissolved in dry methylene chloride (5 ml.), cooled to 0° C (ice bath), and treated 
with triethylamine (96 *il., 0.69 mmol., 1.05 eq.), then the product from part (a) (275 mg., 0.66 mmol.), triethy- 
lamine (92 pi., 0.66 mmol.) and finally benzotriazol-1-yloxytris(dimethylamino)-phosphonrum hexaf luorophos- 
phate (305 mg., 0.69 mmol.). The resultant solution was stirred at 0°C for 1 hour then at room temperature for 
2 hours. The reaction mixture was concentrated, diluted with ethyl acetate, washed with 5% potassium bisulfate 
(20 ml.), 50% saturated sodium bicarbonate (20 ml.), brine (20 ml.), dried (anhydrous magnesium sulfate), fil- 
tered, and evaporated to dryness. The crude product was adsorbed onto Celite® and chromatographed on a 
silica gel column (2.5 x 10 cm), eluting with 40% (11.) ethyl acetate/hexane. The desired fractions were com- 
bined and concentrated, affording 246 mg. of pure title product TLC (ethyl acetate:hexane, 8:2) R, = 0.53. 

d) [4S^4q(R*),7q,9aPfl-Octahydro-4-[(3^ 
b][1,3]thiazepine-7-carboxylic acid 

A solution of the product from part (c) (245 mg., 0.54 mmol.) in methanol (6 ml.), purged with argon for 30 
minutes, cooled to 0°C was treated dropwise with a previously purged (argon, 30 minutes) solution of 1.0 N 
sodium hydroxide (5 ml.) maintaining the bubbling of argon throughout the addition and length of the reaction. 
The reaction mixture was stirred at 0°C for 2 hours, acidified at 0°C with 5% potassium bisulfate to pH 2 then 
extracted with ethyl acetate (3 x 20 ml.). The combined organic extracts were washed with 50% brine (20 ml.), 
and brine (20 mi.), dried (anhydrous magnesium sulfate), filtered, and evaporated to dryness. The residue was 
purified by chromatography on a 2.5 x 10 cm silica gel column eluting with 7:3 ethyl acetate: heptane (300 ml.) 
and 1% acetic acid in 7:3 ethyl acetate:heptane (500 ml.). The desired fractions were concentrated, stripped 
with methylene chloride and dried in vacuo to yield 172 mg. of title product as a white foam; [a] D = -116.9° (c 
= 0.5, methanol). TLC (1% acetic acid in ethyl acetate) R, = 0.35. 

iH-NMR: 400 MHz; CDCI 3 : 5 0.91 (m, 2H), 1.22 (m, 3H), 1.44 (m, 1H), 1.55 (m, 1H), 1.68 (m's, 5H), 1.83 (m, 
1H), 1.97 (m's, 2H), 2.12 (m. 1 H), 2.19 - 2.40 (m's, 3H), 2.53 (m, 1H), 2.96 (m, 1H), 3.38 (m's, 2H), 4.62 (t, 1H, 
J = 6.8 Hz), 4.70 (m, 1H) f 5.25 (m, 1H), 7..S5 (d, 1H, J = 6.4 Hz). 

13C-NMR: 100 MHz; CDCI 3 : 6 26.0, 26.1, 27.5, 31.5, 32.3, 33.0, 33.3, 35.2, 40.7, 43.0, 52.9, 60.6, 62.5,170.9, 
172.7, 175.3. 
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Anal, catc'd. for C^H^C^S* 






C, 53.98; 


H t 7.05; 


N, 6.99; 


S, 16.01 


5 


Found: 


C, 53.97; 


H.7.18; 


N, 6.84, 


S, 15.75. 



HPLC: t„ = 16 min (>99%, UV 217); YMC S-3 ODS (C-18) 6.0 x 150 mm; 50% B:A- 100% B A 25 minute linear 
gradient (A = 90% water/methanol + 02% phosphoric acid; B = 90% methanol/water + 0.2% phosphoric acid); 
flow rate at 1.5 ml/min. 

10 

EXAMPLE 8 

[4S-I4a(RVa,9ap]>Octohydr^ 
boxyiic acid 

15 

a) (S)-2-Bromohexanoic acid 

Potassium bromide (1 5.9 g. f 1 33 mmoi.) was added to a stirred solution of D-norleucine (5.0 g., 38 mmol.) 
in 2.5 N sulfuric acid (77 ml.) at room temperature. The reaction mixture was cooled to -10° C. and solid sodium 
20 nitrite (3.94 g. ( 57 mmol.) was added portionwise, maintaining the temperature between -10° and -5° C. After 
addition was complete, the foamy reaction was stirred for 1 hour and then warmed to room temperature and 
stirred for another hour. The reaction mixture was then extracted twice with ether, the ether extracts were 
washed once with water, dried (magnesium sulfate), filtered and evaporated to give 3.3 g. of crude title product 

25 b) (S)-2-(Acetylthio)hexanoic acid, dicyciohexylamine salt 

To a stirred slurry of potassium thioacetate (2.11 g., 18.5 mmol.) in 50 ml. of dry acetonitriie at room tem- 
perature under argon was added a solution of the product from part (a) (3.27 g., 16.8 mmol.) in 26 ml. of acet- 
onitriie. The reaction was stirred 5 hours. The resulting slurry was filtered and evaporated. The residue was 

30 redissolved in ethyl ether, washed once with 5% potassium bisuifate solution and once with brine, dried (mag- 
nesium sulfate) and evaporated. The residue was dissolved in ether (64 ml.) and treated with dicyciohexylamine 
(3.4 ml., 16.8 mmol.). The ethereal solution was concentrated in vacuo , and triturated from hexanes to give a 
white solid which was recrystallized from ethyl ether/hexanes to give the title product The mother liquor was 
concentrated and recrystallized twice to provide a total yield of 22 g. of title product; m.p. 145 - 147° C; [ct] D 

35 = -33.8° (c = 1 .08, chloroform). 

c) [4S^(R*) t 7a,9affl-Octahydro-^ 
7-carboxylic acid, methyl ester 

40 A suspension of the dicyciohexylamine salt product from part (b) (255 mg., 0.69 mmol., 1 .05 eq.) in ethyl 
acetate (15 ml.) was washed with 5% potassium bisuifate (3x5 ml.), and brine (10 ml.), dried (anhydrous mag- 
nesium sulfate), filtered, concentrated, stripped with methylene chloride (twice), and dried in vacuo for one 
hour to give the free acid as a oil. 

This oil was dissolved in dry methylene chloride (6 ml.), cooled to 0° C. (ice bath) and treated with trie- 

45 thyiamine (96 pi., 0.69 mmol., 1.05 eq.), then [4S-(4a,7a,9ap)H-amino-<Kiahydro-5-oxopyrrolo[2,1- 
bfl1 ,3]thiazepine-7-carboxylic acid, methyl ester, p-toluenesulfbnic acid salt [prepared as described in Example 
7(a), 275 mg., 0.66 mmol.], triethyiamine (92 nl., 0.66 mmol.) and finally benzotriazol-1-yioxytris(dimethyla- 
mino)phosphonium hexafluorophosphate (305 mg., 0.69 mmol.). The resultant solution was stirred at 0° C for 
one hour then at room temperature for 2 hours. The reaction mixture was concentrated, diluted with ethyl acet- 

so ate, washed with 5% potassium bisuifate (20 ml.), 50% saturated sodium bicarbonate (20 ml.), brine (20 ml.), 
dried (anhydrous magnesium sulfate), filtered, and evaporated to dryness. The crude product was adsorbed 
onto Celite® and chromatographed on a silica gel column (2.5 x 1 0 cm), eluting with 40% (1 1.) ethyl acetate/hex- 
ane. The desired fractions were combined and concentrat d, affording 258 mg of pure title product TLC (ethyl 
acetate:hexane, 8:2) Rf = 0.54. 
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d)[4SH[4a(R^Ja t 9ap^Octahydro-4-[(2-mercapto-1-oxoh xyl)amin fc5-oxopynolo[2,1-b1[1,31thiaz pine-7- 
carboxylic acid 

A solution of th product from part (c) (255 mg. ( 0.54 mmol.) in methanol (5 ml.), purged with aigon for 30 
5 minutes, cooled to 0°C. was treated dropwise with a previously purged (argon, 30 minutes) solution of 1.0 N 

sodium hydroxide (5 ml.) maintaining the bubbling of argon throughout the addition and length of the reaction. 

The reaction mixture was stirred at 0° C for 2 hours, acidified at 0° C with 5% potassium bisulfate to pH 2 then 

extracted with ethyl acetate (3 x 20 ml.). The combined organic extracts were washed with 50% brine (20 ml.) 

and brine (20 ml.), dried (anhydrous magnesium sulfate), filtered, and evaporated to dryness. The residue was 
10 purified by chromatography on a 2.5 x 10 cm silica gel column eluting with 7:3 ethyl acetate:heptane (300 ml.) 

and 1% acetic acid in 7:3 ethyl acetate:heptane (500 ml.). The desired fractions were concentrated, stripped 

with methylene chloride and dried in vacuo to yield 170 mg. of title product as a white foam; [a]o = -135.1° (c 

= 0.5, methanol). TLC (1% acetic acid in ethyl acetate) R f = 0.32. 

'H-NMR: 400 MHz; CDCI 3 : 5 0.89(t, 3H, J = 7 Hz), 1.32(m, 4H), 1.73(m, 1H), 1.96(m, 2H), Z00(d, 1H, J = 8.6 
15 Hz), 2.11(m, 1H), 2.32 (m's, 3H), 2.52(m, 1H), 2.98(m, 1H), 3.32(m's, 2H) ( 4.61 (t, 1H, J = 7.1 Hz), 4.72 (m, 
1H), 5.25 (m, 1H), 7.63 (d, 1H, J = 6.4 Hz). 

13 C-NMR: 1 00 MHz; CDCI 3 : 5 13.8, 22.2, 27.6, 29.2, 31 .4, 32.6, 33.1 , 35.3, 43.0, 52.8, 60.5, 62.42, 1 70.7, 1 72.5, 
174.0. 



20 


Anal, calc'd for C^Ha^^SaO - 0.08 H 2 0: 






C, 49.79; 


H, 6.73; 


N, 7.74; 


S, 17.72 




Found: 


C, 49.90; 


H, 6.92; 


N, 7.63, 


S, 17.57. 



HPLC: = 9.4 min (>99%, UV 220); YMC S-3 ODS (C-18) 6.0 x 150 mm; 50% B:A- 100% B:A, 25 minut 
linear gradient (A= 90% water/methanol + 0.2% phosphoric acid); B = 90% methanol/water+ 0.2% phosphoric 
acid); flow rate at 1 .5 ml/min. 



EXAMPLE 9 

[4S-[4a(R*),7a,9apfrOctahydio^ 
pine-7-carboxylic acid 

a) (S)-2-Bromo-4-methylpentanoic acid 

Potassium bromide (9.5 g., 80 mmol.) was added to a stirred solution of D-leucine (3.0 g., 23 mmol.) in 
2.5 N sulfuric acid (47 ml.) at room temperature. The reaction mixture was cooled to -10° C. and solid sodium 
nitrite (2.4 g., 34 mmol.) was added portionwise, maintaining the temperature between -10° and -5° C. After 
addition was complete, the reaction was stirred for 1 hour and then warmed to room temperature and stirred 
for another hour. The reaction mixture was then extracted twice with ether, the ether extracts were washed 
once with water, dried (magnesium sulfate), filtered and evaporated to give 2.7 g. of crude title product 

b) (S)-2-(Acetylthio)-4-methylpentanoic acid, dicydohexylamine salt 

To a stirred slurry of potassium thioacetate (1.7 g., 15.0 mmol.) in 50 ml. of dry acetonitrile at room tem- 
perature under argon was added a solution of the product from part (a) (2.6 g. ? 1 3 mmol.) in 1 7 ml. of aceto- 
nitrile. The reaction was stirred 4 hours. The resulting slurry was filtered and evaporated. The residue was 
redissolved in ethyl ether, washed once with 5% potassium hydrogen sulfate solution and once with brine, dried 
(magnesium sulfate) and evaporated. The residue was dissolved in ether (64 ml.) and treated with dicydohex- 
ylamine (2.7 ml., 14 mmol.). A white solid immediately began precipitating from the solution. The solution was 
f iltered and the white solid collected to give 2.0 g. of title product; m.p. 1 53 - 1 58° C; [a] 0 = -54.5° C. (c = 0.61 , 
chloroform). 



55 



c)[4S-{4a(R*),7a > 9agIl-Octahydro-4-[[2-(acetylthto)-1-oxo-4-methylp ntyl]amino]-5-oxopyrrolo[2,1- 
b][1,3]thiazepine-7-carboxylicacid, m thyl ester 

Astirred suspension of the dicycloh xylamin salt product from part (b) (234 mg., 0.63 mmol.) in ethyl acet- 
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ate (1 5 ml.) was washed with 5% aqueous potassium bisutfat (3x5 ml.). Th rganic xtfact was dried (an- 
hydrous magnesium sulfate), filtered and vaporated twice from hexane. Th resulting oil was dissolved in 
methyl ne chloride (6 ml.) and stirred under nitrogen at 0° C. To this solution was added triethylamin (88 jj., 
0.63 mmol.), then [4S-(4<x f 7a, 9ap)]-4^mino-octahydro-5-oxopyrrolo[2 f 1-b][1,3] thiazepine-7-carboxylic acid, 

5 methyl ester, p-toiuenesulfonic acid salt [prepared as described in Example 7(a), 249 mg., 0.6 mmol.], an ad- 
ditional amount of triethyfamine (84 pl„ 0.60 mmol.) and, after 1 0 minutes, benzotriazol-1-yloxytris(dimethy- 
lamino)phosphonium hexafluorophosphate (279 mg., 0.63 mmol.). After one hour, the reaction was warmed 
to room temperature and stirred 2 hours. The resulting colorless solution was evaporated at less than 30° C 
and the oily residue redissolved in ethyl acetate. The solution was washed once with 5% potassium bisutfate 

10 solution, once with saturated sodium bicarbonate solution and once with brine. The organic layer was dried 
(magnesium sulfate), filtered and evaporated onto 5 g. of silica gel. Purification by flash chromatography (2.5 
x 15 cm column, elating with 1 :1 ethyl acetate/hexanes) provided 203 mg. of title product as a white solid; m.p. 
101 - 103° C. [a] D = -157.5° (c = 1.04, chloroform). TLC (ethyl acetate:hexane, 1:1) R, = 0.19. 

« d) [4S-f4a(R Va,9apfrOctahydro-4-[g^ 
bH1,3]thiazepine-7-carboxylic acid 

A solution of the product from part (c) (184 mg., 0.44 mmol.) in 5 ml. of methanol was purged with nitrogen 
for 10 minutes and cooled to 0° C. To this solution was added dropwise 5 ml. of nitrogen-purged 1 M sodium 
20 hydroxide. Nitrogen was slowly bubbled through the solution during the reaction. After 2 hours, the reaction 
was acidified with 2 ml. of 6 M hydrochloric acid, extracted twice with ethyl acetate and the extracts combined, 
dried (magnesium sulfate) and evaporated. Re-evaporation from hexanes and trituration of the residue in me- 
thanol/water provided 1 32 mg. of title product as a crystalline solid, m.p. 94 - 96° C; [a] D = -158.6° (c = 0.42, 
methanol). TLC(ethyl acetate:hexane:acetic acid, 4:4:0.1) R, = 0.13. 



Anal. calc'd. for CkHmI^SA • 0.75 H 2 0: 


Found: 


C, 48.17; 
C, 48.33; 


H,6.87; 
H, 6.51; 


N, 7.49; 
N, 7.37; 


S, 17.15 
S, 16.82. 



HPLC: Rt = 17.6 min; (99.2%) YMC S-3 ODS (C-18) 6.0 x 150 mm; 0% to 100% B A 25 min linear gradient 

and 15 min hold, 1.5 mL/min; 

A = 90% water/methanol + 0.2% phosphoric acid; 

B = 90% methanol/water + 0.2% phosphoric acid; 

220 nm. 

EXAMPLE 10 

[4S-[4q(R*),7a,10aftfrO<tahydro-4^ 
bl[1,3]oxazepine-7-carboxylic acid 

a) 2,2,2-Trichloroacetimidoic acid, 2-propenyl ester 

A suspension of 80% sodium hydride (945 mg., 31.5 mmol.; washed twice with 25 ml. of hexane) in dry 
ether (30 ml.) was treated dropwise with a solution of 2-propen-1 -ol (21 .4 ml., 1 8.3 g., 31 5 mmol.), in dry ether 
(45 ml.), stirred for 20 minutes at room temperature under argon and then cooled to 0° C (ice-salt bath). Tri- 
chloroacetonitrile (30 ml. or 42.3 g., 0.30 mole) was added over a period of 1 5 minutes and the brownish solution 
was stirred at 0° C for 40 minutes, at 1 0° C for 1 0 minutes and at room temperature for 1 0 minutes. The reaction 
mixture was concentrated to a syrup, treated with a solution of methanol (1 .2 ml.) in pentane (30 ml.) and stirred 
vigorously for 5.0 minutes. The light brown precipitates were filtered off, washed with pentane (2 x 30 ml.) and 
the combined filtrates concentrated down to a light brown liquid. The liquid was re-dissolved in pentane (30 
ml.), stirred for a few minut s, and the resulting suspension filtered, and the precipitates obtained washed with 
pentane (30 ml.), repeating the procedure at least one more time. The dearf titrate was concentrat d and dried 
in vacuo to give 54.0 g. of title compound as a light red-colored liquid. This material was stored as a solution 
in hexane at10°C. 
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b) N-Phthaloyl-L-s rine, m thyl ester 

A suspension of L-serine, methyl ester, hydrochloride, (25 g., 161 mmol.) in water (350 ml.) was diluted 
with dioxane (250 ml.) and the resulting clear solution treated with solid sodium carbonate (17 g., 1.0 eq.) fol- 

5 lowed by IM-carb thoxyphthalimid (37 g., 1.05 eq.). The reaction mature was stirred at room temperature for 
2.5 hours under argon. The mixture was extracted with ethyl acetate (3 x 500 ml.) and the combined organic 
extracts were washed successively with 5% sodium bicarbonate (250 ml.), 5% potassium btsulfate (250 mi.) 
and brine (250 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The 
product mixture was chromatographed on a silica gel column (Merck), eluting the column with ethyl acet- 

10 ate:hexane mixtures (1:3; 1:2) and the desired fractions were combined, evaporated to dryness and dried in 
vacuo to give 31 g. of title compound as a thick syrup. TLC (ethyl acetate:hexane, 1 :1 ) Rf = 0.52. 

c) N-Phthaloyl-0-(2-propenyl)-L-serine, methyl ester 

1 5 A solution of the product from part (b) (7.37 g. ( 29.5 mmol.) in dry methylene chloride (30 ml.) was treated 
with a solution of the product from part (a) (11.97 g. ( 59.1 mmol., 2 eq.) in cyclohexane (60 ml.) followed by 
trif luoromethanesulonic acid (0.37 ml.) and the reaction mixture was stirred at room temperature for 20 hours 
under argon. The precipitates were filtered off, washed with a minimal amount of methylene chloride and the 
combined filtrates were washed with 5% sodium bicarbonate (30 ml.) and water (30 ml.), dried (anhydrous so- 

20 dium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product mixture was chromato- 
graphed on a silica gel column (Merck), eluting the column with ethyl acetate:hexane (1:9). The desired frac- 
tions were combined, evaporated to dryness and dried in vacuo to give 7.56 g. of title compound as a clear 
thick syrup. TLC(ethyl acetate: hexane, 1:1) R, = 0.70. 

25 d) N-Phthal0yl-O-{acetaldehyde)-L-serine, methyl ester 

A solution of the product from part (c) (2.5 g., 8.64 mmol.) in a mixture of dry methylene chloride (46.4 
ml.) and methanol (4.6 ml.) was cooled to -78° C (dry ice-acetone bath) and treated with ozone until a blue 
color persisted (about 15 minutes). The mixture was then purged with nitrogen for 10 minutes (until the blue 
30 color disappeared), treated with dimethylsulfide (14.0 ml., 0.19 mole, 22.1 eq.), warmed to room temperature 
and stirred for 2.5 hours under nitrogen. The reaction mature was evaporated to dryness and the residual syrup 
dissolved in ethyl acetate (50 mt.) t washed with water (15 ml.) and brine (15 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . 

The crude product was chromatographed on a silica gel column (Merck), eluting the column with ethyl acet- 
35 ate:hexane mixtures (1:9; 1:4; 1:2) to give 1.54 g. of title product TLC(ethyl acetate:hexane, 1:1) Rf = 0.33. 

e) N-Phthaloyj-Q-(2,2-dimethoxyethyl>L-serine, methyl ester 

A solution of the product from part (d) (1.54 g., 5.29 mmol.) in a mixture of dry methylene chloride (8.3 
40 ml.) and dry methanol (8.3 ml.), was treated with trimethylorthoformate (0.84 ml., 7.68 mmol., 1.45 eq.) and 
p-toluenesulfonic acid monohydrate (92 mg.). The reaction mixture was stirred at room temperature under ar- 
gon for 2.5 hours then partitioned between ethyl acetate (50 ml.) and saturated sodium bicarbonate (15 ml.). 
The organic phase was washed with water (1 5 ml.) and brine (1 5 ml.), dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica gel column 
45 (Merck), eluting the column with ethyl acetate:hexane (1 :4) to give 1 .35 g. of title product as a thick dear syrup. 
TLC(ethyl acetate: hexane, 1:1) Rf = 0.58. 

f) Q-(2,2-Pimethoxyethyl)-L-serine, methyl ester 

so a solution of the product from part (e) (2.0 g., 5.93 mmol.) in dry methanol (14 ml.) was treated with hy- 
drazine hydrate (0.30 ml., 6.1 mmol.) and stirred at room temperature for 4 days under argon. The resulting 
suspension was filtered, washing the precipitates with methanol (2x14 ml.) and the filtrate was concentrated 
to dryness. The syrup was re-dissolved in methylene chloride and filtered two more tim s until n more pre- 
cipitates were obtained. The clear filtrate was concentrated to give 1 .1 7 g. of title product as a light yell w syrup. 

55 TLC(methylene chloride:methanol, 9:1 ) R f = 0.54. 
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g) NH[(Phenyimethoxy)carbonytl-0-[(1,1-dimethylethyl)dimethlsilylH-hom 

A solution of N-[(ph nylmethoxy)cartoony1]-L-hom serin [prepared as described in Example 6(a), 3.0 g„ 
11.85 mmol.] in dry dimethytfonmamid (65 ml.) was treated with [(1,1-dim thyl thyl)dimethylsilyl chloride 

5 (10.72 g. f 71.1 mmol.) and imidazole (9.65 g, 0.14 mol.) and stirred at room temperature under argon for 24 
hours. The reaction mixture was diluted with methanol (207 ml.), stirred for another 24 hours at room temper- 
ature and then concentrated to a syrup. The residual syrup was dissolved in ethyl acetate (200 ml.), washed 
with 10% citric acid (2 x 75 ml) and brine, dried (anhydrous sodium sulfate), filtered, evaporated to dryness 
and dried in vacuo. The crude product mixture was chromatographed on a silica gel column (Merck), eluting 

10 the column with ethyl acetate:hexane (1:1) followed by ethyl acetate:acetic acid (99.5: 0.5). The desired frac- 
tions were combined, concentrated and evaporated several times from toluene to give 3.56 g. of title compound 
as a waxy solid. TLC(ethyl acetate:acetic acid, 95:5) R, = 0.82. 

h) N-{Q-[(1,1-Dimethy1ethyl)dimethyfsiW 
15 thylH-serine, methyl ester 

A solution of the product from part (g) (2.18 g., 5.93 mmol.) in dry methylene chloride was cooled to 0° C 
(ice-salt bath) and treated sequentially with a solution of the product from part (f) (1 .71 g., 5.65 mmol.) in dry 
methylene chloride (5 ml), triethylamine (0.78 mi., 5.65 mmol.). and benzotriazd-1-yloxytris(dimethytami- 

20 no)phosphonium hexafluorophosphate (2.63 g., 6.0 mmol.). The reaction mixture was stirred at 0° C for 30 
minutes and at room temperature for one hour and 45 minutes. The reaction mixture was partitioned between 
ethyl ether (2 x 100 ml.) and water (30 ml.) and the combined organic extracts were washed with 50% saturated 
sodium bicarbonate (20 ml.) and brine (25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dry- 
ness and dried in vacuo . The crude product mixture was chromatographed on a silica gel column (Merck), elut- 

25 ing the column with ethyl acetate:hexane mixtures (1:4; 1:3; 1:1)to give 2.38 g. of title product TLC(ethyl acet- 
ate:hexane, 1:1) Rf = 0.40. 

0[4S-(4a,7a t 10aP)]-Octahydro-4-[[(phenylmethoxy)cart)onyllam 
7-carboxylic acid, methyl ester 

30 

A solution of the product from part (h)(1.0 g., 1.8 mmol.) in dry methylene chloride (50 ml.) was treated 
with Amberlyst® 1 5 ion exchange resin (acid form) and methanol (0.1 ml.) and the resulting mixture was stirred 
at room temperature under argon for three days. The resin was filtered off, washed with a small amount of 
methylene chloride and the filtrate concentrated to a syrup. The crude product mixture was chromatographed 
35 on a silica gel column, eluting the column with ethyl acetate:hexane (1:1) to give 339 mg. of title product TLC- 
(ethyl acetate:hexane, 3:1) Rf = 0.53. 

j) [4S-(4q,7a,10ap)]-Octahydro-4-am^ acid, methyl 

ester 

40 

Asolution of the product prepared as described part (i) (771 mg. ( 2.04 mmol.) in dry methanol (25 ml.) was 
treated with 10% palladium on carbon catalyst (125 mg.) and hydrogen.ated (balloon) at room temperature for 
1 6 hours. The reaction mixture was filtered through a Celite® pad and the pad was washed with methanol (2 
x 25 ml.). The clear filtrate was evaporated to dryness and dried in vacuo to give 448 mg. of title product as 
45 a syrup. 

TLC(methyiene chioride:methanol, 9:1) R, = 0.22. 

k)I4S-[4q(RVa,10aMfcOctahydro^ 
b][1,3]oxazepine-7-cart)oxyiic acid, methyl ester 

50 

The dicyclohexylamine salt of (S)-2-(acetylthio)benzenepropanoic acid (813 mg., 2.01 mmol.) was sus- 
pended in ethyl acetate (70 ml.), washed with 5% potassiun bisulfat (5 x 9.3 ml.) and brine (9.3 ml.), dried 
(anhydrous magnesium sulfate), filtered, evaporated to dryn ss and dried in vacuo . 

This free acid was dissolved in dry methylene chloride (12 ml.), cooled to 0° C (ice-salt bath) and treated 
55 sequentially with a solution of the product from part (j) (448 mg., 1 .84 mmol.) in dry methylene chloride (4.0 
ml.), triethylamine (0.25 ml., 1.80 mmol.) and b nzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluor- 
ophosphate (823 mg., 1 .86 mm I.). The reaction mixture was stirred at 0° C for one hour and at room temper- 
ature for 2 hours under argon. The reaction mixture was stripped to dryness and th syrup obtained was re- 
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dissolved in ethyl acetate (60 ml.), washed with 0.5 N hydrochloric acid (2 x 11 ml.), water (11 ml.) and brine 
(11 ml.) f dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude prod- 
uct mixture was chromatographed twice on a silica gel column (Merck), eluting each column with thyi acet- 
ate:hexane mixtures (1 : 1 ; 1 :2) to giv 665 mg. of title product as a syrup. TLC(ethyl acetat :hexane, 3:1 ) R f = 
5 0.30. 

I) [4S-[4q(R*),7a, 1 0ap]]-Octahydro-4-{(2-mercapto-1 -oxo-3-phenyl propyl) ami no}- 5-oxo[1 ,4]oxazino[3,4- 
b][1,3]oxazepine-7-carboxyiic acid 

10 A solution of the product from part (k) (650 mg., 1 .44 mmol.) in methanol (13 ml.), was purged with argon 
for 30 minutes, cooled down to 0° C (ice-salt bath) and treated dropwise with a solution of 1.0 N sodium hy- 
droxide (5.84 ml., previously purged with argon for 30 minutes), maintaining the bubbling of argon throughout 
the addition and length of the reaction. The reaction mixture was stirred at 0°C for 5.0 hours and quenched at 
0° C with 5% potassium bisuffate (25.4 ml.). The mixture was warmed to room temperature, extracted with ethyl 

15 acetate (3 x 50 ml.) and the combined organic extracts were washed with brine (1 5 ml.), dried (anhydrous so- 
dium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was triturated with hex- 
ane:methylene chloride (1 30:7) and the solid obtained chromatographed on a silica gel column (Merck), eluting 
the column with ethyl acetate:hexane mixtures (1:2; 1 :1) followed by methylene chloride:methanol:acetic acid 
(100:4:0.2). The desired fractions were combined, evaporated to dryness and evaporated several times from 

20 toluene to give 364 mg. of title product which was dried in vacuo for 9.0 hours. The resulting product was then 
triturated with methylene chlorideihexane (1:10), hexane (50 ml.) and pentane (2 x 50 ml.), stirring with the 
first 50 ml. for 4 hours and the next 50 ml. of pentane overnight under argon. The solvent was decanted and 
the solid dried in vacuo for 6.0 hours to give pure title product as a solid amorphous foam; [a] D = -49.1° (c = 
0.48, methanol). TLC (toluene:acetic acid, 5:1) Rf = 0.17. 



25 



Anal, calc'd. for C^H^OeS . 0.56 H 2 0: 


Found: 


C, 53.45; 
C, 53.45; 


H, 5.76; 
H, 5.53; 


N, 6.93; 
N, 6.75; 


S, 7.92 
S, 7.48. 



HPLC: Rt = 10.45 min.; (98.3%); YMS S-3 ODS (c = 18) 6.0 x 150 mm; 44% (10% water - 90% methanol - 
0.2% phosphoric acid)/56% (90% water - 10% methanol - 02% phosphoric acid), isocratic; 1.5 ml/min. 

EXAMPLE 11 

[4S-[4q(R^ t 7a t 10ap]]-Octahydro-4-[(2-m^ 
b][1,3]thiazepine-7-carboxytic acid 

The product of Example 3 was also prepared as follows: 

a) N-[(Phenylmethoxy)carbonyll-0-[(1 ,1-dimethylethyl)dimethylsilylfL-homoserine 

[(1,1-Dimethylethyl)dimethylsilyl]chloride (37.5 g„ 249 mmol.) was added to a solution of N-[(phenylme- 
thoxy)carbonyl]-L-homoserine [prepared as described in Example 6(a), 41.56 mmol.] in dimethylformamide 
(125 ml.), followed by imidazole (33.95 g. t 498 mmol.). The resulting light yellow solution was stirred at room 
temperature for 22 hours. Methanol (500 ml.) was added, the reaction mixture was stirred for an additional 6 
hours, and then the methanol and most of the dimethylformamide were removed in vacuo . The remaining re- 
sidue was taken up into ethyl acetate (800 ml.), washed with 10% citric acid (2 x 300 ml.), and the combined 
aqueous phase was extracted with ethyl acetate (300 ml.). The combined ethyl acetate phase was washed 
with water and brine, dried (sodium sulfate), concentrated, and the residue was evaporated with hexane to form 
a white powder. This powder was dried in vacuo to give 12.942 g. of title product. 

b) [S-(R*,R»)]-2-[[4-[[(1,1-Dim thylethyl)dim thylsilyl]oxyl-1-oxo-2-[I(phenylmethoxy)carbonyllamino]bu- 
tyl]amino]-6 t 6-dimethoxyhexanoic acid, methyl ester 

To a solution of the product from part (a) (22.78 g., 61.97 mmol.) in methylen chloride (100 ml.) cooled 
at 0° C was added N-methylmorpholine (6.81 ml., 61.97 mm I.), followed by hydroxybenzotriazole (8.37 g., 
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61 .97 mmol.), (S)-2-amino-6,6-dimethoxyh xanoic acid, methyl est r [prepared as described in Exampl 1 (e) t 
10.6 g. t 51.64 mmol J in methylene chloride (50 ml.), and then 1- thyl-3-(3-dimethylaminopropyl) carbodiimide 
(1 1 .88 g., 61 .97 mmol.). Th reaction mixture was stirred at 0° C for one hour, then at room temperature over- 
night Th reaction mixture was concentrated in vacuo and the residue was diluted with ethyl acetate (600 ml), 
5 washed with 5% potassium bisulfate (200 ml.), 0.5 N sodium hydroxide (200 ml.), water, and brine, and dried 
(sodium sulfate). The filtrate was concentrated and the residue taken up in ethyl ether (150 ml.). The resulting 
suspension was filtered and the collected solid was washed thoroughly with ethyl ether. The filtrate was con- 
centrated in vacuo to dryness to afford 30 g. of crude title product as an oily compound which was used in the 
next reaction without purification. TLC (8:2 t ethyl acetate:hexane) R f = 0.55. 

10 

c) [S-^R*)]-2-E4-Hydroxy-1-oxo-2-^ 
acid, methyl ester 

To a solution of the product from part (b) (30 g.) in methanol (150 ml.) cooled at 0° C was added para- 
is toluenesulfonic acid monohydrate (1 .96 g.). The reaction mixture was stirred at 0° C for 2 hours before quench- 
ing with aqueous sodium bicarbonate solution (1.3 g. of sodium bicarbonate in 100 ml. of water). The mixture 
was concentrated in vacuo and the residue partitioned between ethyl acetate (400 ml.) and water (150 ml.). 
The separated aqueous phase was extracted with ethyl acetate (2 x 150 ml.). The combined ethyl acetate layers 
were washed with 1 0% sodium bicarbonate, brine (2 times), dried (sodium sulfate), filtered and evaporated to 
20 dryness. The residue was flash chromatographed on a 10 x 25 cm silica gel column eluting with 80% ethyl 
acetate in hexane (51.), ethyl acetate (31.) and 2% methanol in ethyl acetate (5L). The desired fractions were 
combined and concentrated, and dried in vacuo to give 1 7.45 g. of title product as a pale yellow oil. TLC (8:2, 
ethyl acetate:hexane) Rf = 0.17. 

25 d) [S-^R*)]-2-[[44(Methanesu^ 
thoxyhexanoic acid, methyl ester 

To a solution of the product from part (c) (17.40 g., 39.50 mmol.) (stripped with toluene three times and 
dried in vacuo overnight) in dry methylene chloride (250 ml.) cooled at -15° C (ice/acetone) was added trie- 

30 thylamine (8.26 ml., 59.28 mmol., freshly distilled), followed by methanesulfonyl chloride (3.67 ml., 47.4 mmol.) 
dropwise. The reaction mixture was stirred at -1 5° C for 30 minutes, then quenched with saturated ammonium 
chloride solution (100 ml.). After stirring for 5 minutes, the mixture was diluted with ethyl acetate (600 mi.) and 
washed with 5% potassium bisulfate, brine, dried (sodium sulfate), filtered and evaporated to dryness. The re- 
sidue was dried in vacuo to give 20.40 g. of title compound as a yellow oil which was used in the next reaction 

35 without purification. TLC (8:2, ethyl acetate: hexane) Rf = 0.35. 

e) [S-^R^]-2-fl4-(AcetylthioH-ox^ 
noic acid, methyl ester 

40 To a solution of thioacetic acid (5.09 ml., 71.10mmol.) in methanol (100 ml.) was added cesium carbonate 
(10.81 g., 33.18 mmol.). The resulting solution was concentrated in vacuo . The solid was triturated with dry 
acetone (3 times) and then dried in vacuo over phosphorus pentoxide overnight to give cesium thioacetate. 

Asolution of the productf rom part (d) (20.40 g., 39.50 mmol.) in dry dimethylformamide (150 ml.) was add- 
ed via cannula to a suspension of cesium thioacetate (10.576 g., 50.85 mmol.) in dimethylformamide (50 ml.). 

45 The resulting yellow solution was stirred under argon at room temperature overnight, then concentrated at high 
vacuum to remove most of the dimethylformamide. The residue was taken into ethyl acetate (11.) and washed 
with 10% sodium bicarbonate (200 ml.), water (4 x 200 ml.), brine (400 ml.) and dried (sodium sulfate). The 
filtrate was concentrated and the residue evaporated with toluene (3 times), then dried in vacuo to afford 20 
g. of title compound as a light yellow solid which was used for the next reaction without purification. 

so TLC(8:2; ethyl acetate:hexane) R f = 0.47. 

Q[S-(R* t R*))-2-[[4-Meroapto-1-oxo-2-{[(ph nylmeth xy)carbonyllamino]butyl]amino]-6,6-dimethoxyh xano- 
ic acid, methyl ester 

55 Asolution of the productf rom part (e) (20 g., 39.50 mmol.) in methanol (250 ml.) cooled at 0°C. was purged 
with argon for 1 5 minutes. With continuous argon purging, a 25% (w ight/w ight, density = 0.945) sodium meth- 
oxide solution in methanol (9.17 ml., 40 mmol.) was added dropwise. After stirring for5 minutes, the reaction 
was quenched with saturated ammonium chloride solution (200 ml.) and the mixtur partitioned between ethyl 
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acetate (11.) and water (200 ml.). Th aqueous phase was extracted with ethyl acetate (200 ml.). The combined 
thy* acetate extract was washed with saturated ammonium chlorfd solution (400 mi.), brine (400 ml.), dried 
(sodium sulfate), filtered and concentrated in vacuo to give 17.5 g. of title product as a yellow oil which was 
used for the next reaction without purification. TLC (8:2, ethyl acetate: hexane) Rf = 0.45. 

5 

g) [4S-(4a ,7o,10ap)}-Octahydro-4^(phenytmethoxy)carbonylfe^ ,3]thiazepine- 
7-carboxylic acid, methyl ester 

To a solution of the product from part (f) (17.5 g. f 38.3 mmol.) in methylene chloride (600 ml.) was added 
10 Amberlyst®15 ion exchange resin (6 g., pretreated with 6N hydrochloric acid, water, tetrahydrofuran, and me- 
thylene chloride and dried). The suspension was stirred under argon at room temperature for 18 hours and 
filtered. The filtrate was concentrated and the residue adsorbed on Celite® purified on a 10 x 30 cm silica 
gel column eluting with 20-30% of ethyl acetate in hexane. The desired fractions were combined and evapo- 
rated jn vacuo to dryness to afford 9.18 g. of title product as a yellow oil. TLC (1:1, ethyl acetate:hexane) Rf 
15 = 0.32. 

h) [4S^4q,7a,10ap)VOctahydro^amin^ acid, methyl 
ester 

20 To a solution of solution of the product from part (g) (9.1 g., 23.19 mmd., evaporated with toluene three 
times and dried in vacuo overnight) in dry methylene chloride (150 ml.) was added iodotrimethylsilane (4.95 
ml., 34.78 mmol.) dropwise. The resulting yellow solution was stirred under argon at room temperature for 1 .5 
hours, then quenched with 0.4 N hydrochloric acid in methanol/dioxane (120 ml.). The volatiles were removed 
in vacuo and the residue partitioned between ether (500 ml.) and water (700 ml.). The organic phase was ex- 

25 tracted with 0.1 N hydrochloric acid (150 ml.) and the combined acidic aqueous extract cooled to 0°C, basif ied 
with 1 N sodium hydroxide to pH 10.5 (monitored with a pH meter), then extracted with methylene chloride (4 
x 400 ml.). The combined organic extracts were washed with brine, dried (sodium sulfate), filtered and con- 
centrated in vacuo to afford 6.45 g. of title product as a yellow oil, which was used for the next reaction without 
further purification. TLC (1:9, methanohmethylene chloride) Rf = 0.20. 

30 

Q[4S-[4tt(R»),7a,10apfrOctahydro-4-[g^ 
b][1,3]thiazepine-7-carboxylic acid 

A cold (0°C) solution of (SM2-acetyithio)-benzenepropanoic acid and triethytamine in methylene chloride 
35 was treated with a solution of the product from part (h) in methylene chloride followed by benzotriazol-1-ylox- 
ytris(dimethyiamino)phosphonium hexaf luorophosphate. The reaction was worked up according to the proce- 
dure described in Example 3 (c) to afford [4S-[4a(R^,7a,1(ta0l]-octah^ 
propyl]amino]-5-oxo-7H-pyridot2 f 1-bI1,3]thia2epine-7-carboxylic acid, methyl ester. 

A solution of this methyl ester product in deoxygenated methanol was treated with 1N sodium hydroxide 
40 according to the procedure of Example 3(d) to afford the title product 

EXAMPLE 12 

[4S-[4a(R'),7g,1 Oapll-Octahydro-4-B2-(mercaptomethyl)-1 -oxo-3-phenylpropyl1aminol-5-oxo-7H-pyrido[2,1 - 
45 b][1,3]thiazepine-7-carboxylic acid 

a) (S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephedrine salt 

Asolution of (1R,2SH-)-ephedrine (17.3 g., 105 mmol.) in diethyl ether (175 ml.) was added in one portion 
so to a solution of 2-[(acetylthio)methyl]benzenepropanoic acid (50.0 g. ( 21 0 mmol.) in diethyl ether (1 75 ml.). After 
standing at room temperature for 16 hours, the crystallized ephedrine salt was collected by filtration (19.7 g.); 
m.p. 114 - 125°; [ct] D = -40.6° (c = 1 , methanol). An additional amount of solid [8.9 g t m.p. 121 - 126°; [<x] D = - 
47,2° (c = 1 , methanol)] separat d from the filtrate after remaining at room temperatur for 20 h'ours. The solids 
were combined and recrystallized from acetonitrile (1500 ml.). After 16 hours at room temperature, 20.8 g. of 
55 solid was collected; m.p. 125 - 130°C; [a] D = -48.9° (c = 1, m thanol). This mat rial was recrystallized in the 
same manner from acetonitril (300 ml.) to give 18.7 g., m.p. 128 - 130°; [a] D = -48.9° (c = 1, methanol). A 
third recrystallization from acetonitrile (225 ml.) afforded 17.4 g of solid (S)-2-[(acetylthio)m thyl]benzenepro- 
panoic acid, eph drine salt; m.p. 128 - 129°; [a] D = -50.1° (c = 1 , methan I). 
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Anal, caic'd. for C 12 H 14 0 3 S • C 10 H 15 NO: 






C, 65.48; 


H, 7.24; 


N f 3.47; 


S, 7.95 


5 


Found: 


C, 65.46; 


H, 7.34; 


N. 3.21; 


S, 8.00. 



b) [4S44a(R')Ja,10aM^OctaW 
do[2,1-b][1,3]thiazepine-7-carboxylic acid, methyl ester 

10 

A stirred suspension of the ephedrine salt from part (a) (333.1 mg., 0.822 mmoi.) in ethyl acetate (5 ml) 
was washed three times with 5 ml portions of 1 N hydrochloric acid solution. The organic extracts were com- 
bined, washed with brine, dried (magnesium sulfate), filtered, concentrated and dried in vacuolar 30 minutes. 
The resulting oil was dissolved in methylene chloride (2 mi) and stirred under nitrogen at 0°C. To this solution 

15 was added a solution of [4S-(4a,7a,10ap)}-o(tehydro-4-amino-5^^ 

boxyfic acid, methyl ester [200.0 mg, 0.774 mmol., prepared as described in Example 3(c)] in methylene chlor- 
ide (6 rrt), then triethylamine (0.113 ml, 0.813 mmol) and finally benzotriazoM-yloxytris (dimethyiamino)phos- 
phonium hexafluorophosphate (360.0 mg. t 0.813 mmol.) The reaction was stirred at0°C and allowed to slowly 
warm to room temperature. After 19 hours, the reaction was concentrated in vacuo and the residue was dis- 

20 solved in ethyl acetate. The solution was washed once with a 5% solution of potassium bisulfate (20 ml), once 
with a saturated solution of sodium bicarbonate (20 ml), and once with brine. The organic layer was dried (mag- 
nesium sulfate), filtered and concentrated to a yellow foam. Purification by flash chromatography (silica gel, 
230 - 400 mesh under 10 - 20 psi of nitrogen pressure) eluting with 4:3 ethyl acetate/hexane gave 303 mg of 
product as a clear oil. 

25 / 

c) [4S^(RVa,10aPfrOctahydi^ 
do[2,1-b1[1,3lthiazepine-7-cart)oxylic acid 

A soltuion of the product from part (b) (303.1 mg., 0.635 mmol) in methanol (6.5 ml, deoxygenated via ni- 
30 trogen bubbling) was cooled to 0°C and treated with 1 N sodium hydroxide (6.5 ml, deoxygenated via nitrogen 
bubbling). After stirring for one hour at 0°C while purging continuously with nitrogen, the reaction was warmed 
to room temperature. After a total of three hours, the reaction was acidified to pH 1 with 5% potassium bisulfate 
and extracted with ethyl acetate. The organic layers were combined, washed with water, brine, dried (sodium 
sulfate), filtered, and concentrated in vacuo to give 219 mg of title product as a white solid; m.p. 200°C (de- 
35 comp.). TLC (6:0.01 : 3.99 ethyl acetate/acetic acid/hexane) R, * 0.15. 

HPLC: = 26.3 min, impurity at 27.0 min.; YMC S-3 ODS (C-18) 6.0 x 150 mm; 0% to 100% B: A, 30 min. 
linear gradient and 1 0 min. hold, 1 .5 mi/min.; A = 90% watermethanol + 0.2% phosphoric acid, B = 90% me- 
thanokwater + 0.2% phosphoric acid; 220 nm. 



40 


Anal, caic'd for C20H2AN2S2 • 0.11 C 4 H 8 02 • 0.07 CH 2 Q 2 : 






C, 56.22; 


H,6.21; 


N, 6.39; 


S, 14.63. 




Found: 


C, 56.46; 


H, 6.28; 


N, 6.31; 


S, 14.59. 
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Example 13 

[4S-[4a(R*)JgJ0aCT-O(tohydro-4^^ 
b][1,3]thiazepine-7-carboxylic acid 

a) (R)-2-Bromo-4-methylpentanoic acid 

Potassium bromide (9.5 g., 80 mmol) was added to a stirred solution of D-leucine (3.0 g., 23 mmol) in 2.5 
N sulfuric acid (47 ml) at room temperature. Th reaction mixture was cooled to -10°C and solid s dium nitrite 
(2.4 g., 34 mmol) was added portionwise, maintaining the temperature between -10° and -5°C. After additi n 
was complete, the reaction was stirred for 1 hour and then warmed to room temperature and stirred for an th r 
hour. The reaction mixture was then extract d twice with ether, th eth r xtracts were washed once with wa- 
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ter, dried (magnesium sulfate), f ilt red and evaporated to give 2.7 g of crude title product 

b) (S)-2-(Acetylthio)-4-methylpentanoic acid, dicydohexyiamine salt 

5 To a stirred slurry of potassium thioacetate (1 .7 g, 1 5.0 mmol) in 50 ml of dry acetonitril at room temper- 

ature under argon was added a solution of the product from part (a) (2.6 g., 1 3 mmol) in 1 7 ml of acetonitrile. 
The reaction was stirred 4 hours. The resulting slurry was filtered and evaporated. The residue was redissolved 
in ethyl ether, washed once with 5% potassium bisulfate solution and once with brine, dried (magnesium sulfate) 
and evaporated. The residue was dissolved in ether (64 ml) and treated with dicydohexyiamine (2.7 ml, 14 

10 mmol). A white solid immediately began predpitating from the solution. The solution was filtered and the white 
sdid collected to give 2.0 g of title product; m.p. 153 - 158°C; [a] D = -54.5° (c = 0.61, chloroform). 

c) [4^4q(R*)Ja,10aM]-Octahydr^ 
b][1,3]thiazepine-7-carboxylic add, methyl ester 

15 

A stirred suspension of the product from part (b) (403.3 mg, 1.09 mmol) in ethyl acetate (5 ml) was washed 
three times with 5 ml portions of 5% potasium bisulfate solution. The organic extracts were combined, washed 
with brine, dried (sodium sulfate), filtered, concentrated and dried in vacuo for 30 minutes. The resulting oil 
(179.4 mg, 0.943 mmol) was dissolved in methylene chloride (2 ml) and stirred under nitrogen at 0°C. To this 

20 solution was added a solution of [4S-(4a,7a,1Oa0)]octehydro^amino-5-oxo-7H-p^ 

7-carboxylic add, methyl ester [232.0 mg, 0.898 mmol., prepared as described in Example 3(c)] in methylene 
chloride (6 ml), then triethylamine (0.131 ml., 0.943 mmol), and finally benzotriazd-1-yloxytris(dimethylami- 
no)phosphonium hexafluorophosphate (417.1 mg, 0.943 mmol.). The reaction was stirred at 0°C for one hour 
and 3.5 hours at room temperature. After a total of 4.5 hours, the reaction was concentrated in vacuo and the 

25 residue was dissolved in ethyl acetate. The sdution was washed once with a 5% solution of potassium bisulfate 
(20 ml), once with a saturated solution of sodium bicarbonate (20 ml), and once with brine. The organic layer 
was dried (magnesium sulfate), filtered and concentrated to a yellow foam. Purification by flash chromatog- 
raphy (silica gel, 230 - 400 mesh under 10-20 psi of nitrogen pressure) eluting with 2:3 ethyl acetate/hexane 
gave 209.4 mg. of title product as a dear oil. 

30 

d) [4S-[4q(RVa,10apfrOctahydro-^ 
b][1,3]thiazepine-7-carboxylic add 

A solution of the product from part (c) (209.4 mg, 0.486 mmol) in methanol (5 ml, deoxygenated via nitrogen 
35 bubbling) was cooled to 0°C and treated with 1 N sodium hydroxide (5 ml, deoxygenated via nitrogen bubbling). 
After stirring for one hour at 0°C while purging continuously with nitrogen, the reaction was warmed to room 
temperature. After a total of 2.5 hours, the reaction was acidified to pH 1 with 5% potassium bisulfate and ex- 
tracted with ethyl acetate. The organic layers were combined, washed with water, brine, dried (sodium sulfate), 
filtered, and concentrated in vacuo. Purification by flash chromatography (silica gel, 230 - 400 mesh under 
40 10 - 20 psi of nitrogen) eluting with nitrogen sparged 6:0.01 :3.99 ethyl acetate/acetic add/hexane gave 142.0 
mg of title product as a white solid. TLC (6:0.1:3.9 ethyl acetate/acetic acid/hexane) Rf = 0.20. [a] D = -103.0° 
(c = 0.43, chloroform). 

HPLC: t« = 26.7 min.; YMC S-3 ODS (C-18) 6.0 x 150 mm; 0% to 100% B: A, 30 min. linear gradient and 10 
min. hold, 1 .5 ml/imin; A = 90% watermethanol + 0.2% phosphoric acid, B = 90% methanol water + 0.2% phos- 
45 phoric acid; 220 nm. 



Anal, calc'd for deHa^NA • 0.19 C 4 H 8 0 2 - 0.18 CjH^ • 0.9 H 2 0: 


Found: 


C, 50.87; 
C, 50.57; 


H, 7.63; 
H, 7.20; 


N, 6.58; 
N, 6.83; 


S, 15.07. 
S, 14.75. 



55 
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Example 14 

[4S-[4tt(RVa,9aPfrO(tahydro-4-[(2-m ^capto-1-oxybutyi)amino^5-oxopy^rolo[2,1-b^1,^lthiaz pine-7-car- 
boxylic acid 

5 

a) (R)-2-Bromobutanoic acid 

Potassium bromide (7.85 g t 65.94 mmol) was added to a solution of (R)-2-aminobutanoic acid (2.0 g, 19.40 
mmol) in 2.5 N sulfuric acid (25 ml) and cooled to 0°C. Sodium nitrite (2.06 g f 29.87 mmol) was added slowly 
10 in several portions. The temperature was kept at less than 2°C during this addition. The reaction was stirred 
at 0°C for one hour and at room temperature for 1 6 hours, then extracted with 3 - 50 ml portions of ethyl acetate. 
The combined ethyl acetate layers were washed with 2 - 50 ml portions of water, 1 - 50 ml portion of brine, 
dried (magnesium sulfate) and concentrated in vacuo to give 2.86 g of title product as a crude oil. 

15 b) (S)-2-(Acetyithio)butanoic acid, dicydohexylamine salt 

To a slurry of 2.14 g (18.77 mmd) of potassium thioacetate in 15 ml of acetonitrile, stirred at room tem- 
perature, was added dropwise over 15 minutes a solution of (R)-2-bromobutanoic acid (2.83 g, 17.07 mmol) 
in 15 ml of acetonitrile. The reaction was stirred at room temperature for 16 hours then filtered. The filtrate 
20 was concentrated in vacuo and the resulting oil was dissolved in 30 ml of ethyl ether. The ether layer was wash- 
ed with 2 - 20 ml portions of 5% potassium bisulfate, 2 - 20 ml portions of water, 2 - 20 ml portions of brine, 
dried (magnesium sulfate) and filtered. To the filtrate was added 3.4 ml (17.07 mmol) of dicydohexylamine. 
After stirring at room temperature for 2 hours, the slurry was filtered to give 1.24 g of the dicydohexylamine 
salt product A second crop of 724 mg of dicydohexylamine salt product was obtained from the filtrate. 

25 

c) [4S44q(R Va,9aM-Octehydro 
7-carboxylic acid, methyl ester 

The dicydohexylamine salt product from part (b) (227 mg, 0.66 mmol) was dissolved in 1 5 ml of ethyl acet- 
30 ate and washed with three 1 0 ml portions of potassium bisulfate, one 1 0 ml portion of brine, dried (magnesium 
sulfate), and concentrated in vacuo to give 108 mg of (S)-2-(acetyithio)butanoic acid as a dear oil. 

To a sdution of this free add (1 08 mg, 0.66 mmol) in 5 ml of dry methylene chloride, cooled to 0°C, was 
added triethylamine (90 pi. 0.66 mmol), followed by [4S-(4a,7a,9ap)H-amino-octahydro-5-oxopyrrolo[2,1- 
bH1,3Jthiazepine-7-carboxyiic acid, methyl ester, p-toluenesulfonic add salt [250.0 mg, 0.66 mmol, prepared 
35 from the material described in Example 5(d)] and a second portion of triethylamine (90 pi, 0.66 mmol). The 
reaction was stirred at 0°C for 20 minutes, then benzotriazo!-1-yloxytris(dimethylamino)phosphonium hexa- 
fluorophosphate (292 mg, 0.66 mmol) was added in one portion. The readion was stirred at 0°C for one hour, 
refrigerated for 56 hours, then stirred at room temperature for 3 hours. The reaction mixture was then concen- 
trated in vacuo, redissolved in 30 ml ethyl acetate and washed with 20 mi of 5% potassium bisulfate, 20 ml 
40 saturated sodium bicarbonate, 20 ml of brine, dried (magnesium sulfate), and concentrated in vacuo to give a 
crude oil. The crude oil was flash chromatographed (Merck silica gel, 25 x 100 mm, 2:3 ethyl acetate/hexane) 
to give 208 mg of title product as a white foam. 

d) [4S^(R*),7a,9ap]-Octehydro 
45 carboxylic acid 

A solution of the product from part (c) (225 mg, 0.559 mmol) in methanol (5 ml) was purged with argon for 
30 minutes and cooled to 0°C. To this solution was added dropwise 5 ml of 1M sodium hydroxide, also purged 
with argon for 30 minutes and cooled to 0°C. The reaction was stirred at 0°C for 3 hours with continuous argon 

so purging, then acidified to pH 2 with 5% potassium bisulfate solution. The mixture was extracted with 3 - 40 ml 
portions of ethyl acetate, and the combined ethyl acetate layers were dried (magnesium sulfate), and concen- 
trated in vacuo to give a crude f am. The crude product was flash chromatographed (Merck silica gel, 25 x 
180 mm, 3% acetic acid/ethyl acetate) to give a whit foam, which was dissolved in methylene chloride and 
triturated with hexane to give 176 mg of title product as a compact white foam; [a] D = -125.4° (c = 1 .0, chloro- 

55 form). TLC (methanot/methylen chtoride 1 :9) R f = 0.1 6. 

HPLC: = 15.5 min. (97% total area, UV 220 nM); YMC S-3 ODS (C-18, 120A)-6 x 150 mm; 0% B^-100% 
B:A, linear 25 minute gradient (A = 90% water/methanol + 0.2% phosphoric acid) B = 90% methanol/water + 
0.2% phosphoric acid); flow rate = 1.5 ml/min. 
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Anal, calc'd for C 13 H 2 oN 2 S 2 04 • 0.8 H 2 0 . 0.2 CeH 14 . 0.1 CHjCt 



Found: 



C f 46.10; 


H. 6.66; 


N f 7.52; 


C, 46.00; 


H, 6.17; 


N, 7.52; 



S, 17.21. 
S, 16.82. 



Example 15 

10 [4S-[4a(R*)Jg,9apfrOctahydro^ 
carboxylic acid 

a) (R)-2-Bromopentanoic acid 

is Following the procedure of Example 14 (a) but employing D-norvaline in placeof (R)-2-aminobutanoicacid, 
(R)-2-bromopentanoic acid was obtained as a clear liquid. 

b) (S)-2-(Acetytthio)pentanoic acid, dicyctohexylamine salt 

20 Reacting (R)-2-bromopentanoic acid with potassium thioacetate in acetonitrile followed by treatment with 

dicyclohexylamine according to the procedure of Example 14(b), (S)-2-(acetylthio)pentanoic acid, dicydohex- 
ylamine salt was obtained as a white solid. 

c) [4S^(Ra7a,9ap^Octahydro^^ 
25 7-carboxyiic acid, methyl ester 

Reacting the free acid of the dicyclohexylamine salt from part (b) with [4S-(4a,7a,9ap))4-amino-octahydro- 
5-oxopyrroio[2,1-b][1,3]thiazepine-7-carboxylic acid, methyl ester according to the procedure of Example 
14(c), the title product was obtained as a white foam. 



30 



35 



40 



45 



50 



55 



d) [4S^4a(R*) t 7a,9aPfrOctahydro^[(2-m^ ,3]thiazepine-7- 
carboxylic acid 

A solution of the product from part (c) in methanol was treated with 1 M sodium hydroxide according to the 
procedure of Example 14(d) and gave the title product as a compact white foam; [afc = -122.8° (c = 1 .0, CDCI 3 ). 
TLC (methanol/methylene chloride 1 :9) R, = 0.15. HPLC: tr = 20.5 min.; (97% total area, UV 220 nM); YMC S- 
3 ODS (C-18, 120A) 6 x 150 mm; 0% B:A- 100% B: A, linear 25 minute gradient (A= 90% watermethanol + 
0.2% phosphoric acid); B = 90% methanol water + 0.2% phosphoric acid; flow rate =1.5 ml/min. 



Anal, calc'd for C^H^S^ • 0.65 H 2 0 • 0.20 CsH 14 : 



Found: 



C, 48.63; 


H, 7.01; 


N, 7.46; 


C, 48.86; 


H, 6.70; 


N, 7.24; 



S, 17.08. 
S, 16.74. 



Example 16 

[4S-[4a(R»)7a,9apfrO<tahydro-44(2-meroa 
b][1,3]thiagepine- 7-carboxyiic acid 

a) (R) 2-Bromo-4,4-dimethylpentanoic acid 

A solution of (R)-2-amino-4,4-dimethylpentanoic acid (950 mg, 6.55 mmol) in 2.5 N aqueous sulfuric acid 
(13 ml, 33 mmol) was cooled to -5°C and treated with potassium bromide (2.72 g, 22.9 mmol) in one portion. 
Th colorless solution was treated with sodium nitrite (680 mg, 9.86 mmol) portionwise, keeping the temper- 
ature between 0° and 3°C over a period of 25 minutes. The reaction mixtur was stirred at 0°C for one hour 
and at room temperature for 1 .5 hours. The reacti n mixture was poured into water (1 0 ml). Th product was 
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10 



15 



20 



25 



30 



35 



40 



extracted with eth r (60 ml), washed with water (20 ml) and brine (20 ml), dried (magnesium sulfate), and con- 
centrated in vacuo to give the titl product as a color! ss liquid. 

b) (S)-2-(Acetylthio)-4.4-dimethylpentanoic acid 

A slurry of potassium thioacetate (750 mg, 6.58 mmol) and acetonitrile (1 0 ml, molecular sieves dried) was 
cooled to 0°C and treated with a solution of (R)-2-bromo-4,4-dimethylpentanoic acid from part (a) in acetonitrile 
(2 ml) over 5 minutes. The reaction mixture was allowed to warm to room temperature and stirred for 2.5 hours. 
The slurry was filtered. Thef iltrate was concentrated in vacuo. The residue was diluted in ether (50 ml), washed 
with two portions of 5% aqueous sodium thiosulfate (50 ml) and brine (25 ml), dried (magnesium sulfate), and 
concentrated in vacuo. The pale yellow oil was purified by flash chromatography (Merck silica gel, 12 x 3 cm., 
10% methanol/methylene chloride) affording 575 mg of title product as a pale yellow oil. 



c) [4S^g(R*),7a,9aP^Octahydr^ 
b][1,3lthiazepine-7-carboxylic acid, methyl ester 



Aclear solution of the productf rom part (b) (148 mg, 0.72 mmol) in methylene chloride (5 mi, distilled from 
calcium hydride) was cooled to 0°C and treated with a solution of [4S-(4a,7a f 9ap)H-aminooctahydro-5-oxo- 
pyrroto[2,1-b][1 t 3]thiazepine-7-carboxylic acid, methyl ester, p-tduenesuifonic acid salt [250.0 mg, 0.60 mmol, 
prepared from the material described in Example 5(d)] in methylene chloride (3 ml, distilled from calcium hy- 
droxide), triethylamine (122 mg, 1.2 mmol), followed by benzotriazol-1-yloxytris(dimethylamino)phosphonium 
hexafluorophosphate (319 mg, 0.72 mmol). The reaction mixture was stirred at 0°C for 24 hours and at room 
temperature for 5 hours. The crude reaction mixture was concentrated in vacuo. The residue was diluted in 
ethyl acetate (50 ml), washed with 5% aqueous potassium bisulfate (50 ml), 50% saturated aqueous sodium 
bicarbonate solution (50 ml), and brine (50 ml), dried (sodium sulfate) and concentrated in vacuo. The crude 
product was purified by flash chromatography (20g, Merck silica gel, ethyl acetate) to afford 244 mg of the 
title product as a white foam. 

d) [4S44a(RVa,9ap^Octahydro-^ 
b][1 ,3]thiazepine-7-carboxylic acid 

A clear solution of the product from part (c) (240 mg, 0.56 mmol) in methanol (2 ml, nitrogen sparged) was 
cooled to 0°C and treated dropwise with 1N sodium hydroxide (227 ml, 2.24 mmol, argon sparged) with con- 
tinuous sparging at 0°C. The mixture was allowed to stir at 0°C for 3 hours and at room temperature for 3 hours. 
The mixture was acidified to pH of 1 with a solution of 5% aqueous potassium bisulfate (argon sparged). The 
product was extracted with methylene chloride (50 ml, nitrogen sparged), washed with brine, dried (sodium 
sulfate) and concentrated in vacuo. The crude product was recrystallized from methylene chloride/hexane to 
afford 75 mg of title product as a white solid; m.p. 124 - 126°C; [a] D = -175° (c = 0.25, methanol). TLC (acetic 
acid/methanol/methylene chloride 1:5:94)R f = 0.65. 

HPLC: tR (YMC, S-3 ODS (C-18) 6.0 x 150 mm; 1.5 ml/min. linear gradient 0 - 100%B over 30 min., Buffer A 
= methanol/water/phosphoric acid (10:90:0.2), Buffer B = methanoiywater/phosphoric acid (90:10:0.2)) = 24.4 
min., 95% of total peak area at 254 nm. 





Analysis calc'd. for C 16 H 26 N20 4 S2 • 0.13 CeH 14 : 


45 




C, 52.24; 


H.7.28; 


N, 7.26; 


S f 16.62 




Found: 


C, 51.97; 


H.7.26; 


N, 7.09; 


S, 16.23. 



50 



55 



Example 17 

[4S-[4g(R*),7a,9aMl-Octahydro-4-[(2-mercapto-1-oxopropyl)amino]-5-ox pyrrolo[2,1-b]1,3]thiazepine-7-car- 
boxylic acid 

a) (R)-2-Bromopropanoic acid 

Following the procedure of Exampl 14(a) but employing D-alanin in place of (R)-aminobutanoic acid, (R)- 
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2-bromopropanoic acid was obtained as a light yellow oil. 

b) (S)-2-(Acety1thio)propanoic acid 

5 To a light gre n solution of potassium thioacetate (3.94 g f 34.5 mmol) in acetonitril (1 50 ml) was add d 

a solution of (R)-2-bromopropanoic acid (4.8 g, 31 mmol) in acetonitrile (12 ml) at room temperature under an 
argon atomosphere. The resulting white slurry was stirred at room temperature for 2 hours then filtered. The 
filtrate was concentrated in vacuo. The residue was diluted in ethyl acetate (100 ml), washed with a 10% aqu- 
eous solution of potassium bisutfate (50 ml) and brine, dried (sodium sulfate), and concentrated in vacuo. The 

10 crude product (4.61 g) was purified by flash chromatography (60 g - Merck silica gel, 1 :45:54 acetic acid/ethyl 
acetate/hexane) to afford 3.7 g of the title product as a light yellow oil; [ah = -114° (c = 0.50, methanol). 

c) [4SH^(R^,7a,9apfrOctah 
7-carboxylic acid, methyl ester 

15 

A clear solution of (S)-2-(acetylthio)propanoicacid (86 mg f 0.58 mmol) in methylene chloride (5 ml, distilled 
from calcium hydride) was cooled to 0°C and treated with a solution [4S-(4a,7a,9ap)H-amino-octahydro-5- 
oxopyrrolo[2,1-b][1 t 3]thrazepine-7-carboxylic acid, methyl ester, p-toluenesulfonic acid salt [200.0 mg, 0.48 
mmol, prepared from the material described in Example 5(d)] in methylene chloride (5 ml, distilled from calcium 

20 hydride), triethylamine (98 mg, 0.97 mmol), followed by benzotriazol-1-yloxytris(dimethylamino)phosphonium 
hexafluorophosphate (255 mg, 0.58 mmol). The reaction mixture was stirred at 0°C for 22 hours and at room 
temperature for 2 hours. The crude reaction mixture was concentrated in vacuo. The residue was diluted in 
ethyl acetate (100 ml), washed with 5% aqueous potassium bisulfate (30 ml), 50% saturated aqueous sodium 
bicarbonate solution, and brine, dried (sodium sulfate), and concentrated in vacuo. The crude product was puri- 

25 f ied by flash chromatography (40 g. v Merck silica gel, ethyl acetate) to afford 1 80 mg of title product as a white 
solid; m.p. 143 - 145°C. 

d) [4S^4q(R^,7q,9apfrO(tahydro^^ 
carboxyiic acid 

30 

A clear solution of the product from part (c) (180 mg, 0.48 mmol) in methanol (2 ml) under an argon at- 
mosphere was cooled to -10°C and treated dropwise with argon sparged 1 N sodium hydroxide (1 .95 ml, 1 .95 
mmol), keeping the temperature below 0°C. The mixture was allowed to stir with argon sparging at 0°C for 3 
hours. The mixture was acidified to pH of 1 with a solution of 5% aqueous potassium bisulfate under an argon 

35 atmosphere. The product was extracted with nitrogen sparged ethyl acetate (100 ml), washed with brine, dried 
(sodium sulfate), and concentrated in vacuo. The crude product was purified by flash chromatography (40 g, 
Merck silica gel, 1:5:94 acetic acid/methanol/methylene chloride) to afford 154 mg of title product as a white 
solid; m.p. 150 - 152°C; [a] D = -156° (C = 0.50, methanol). TLC (1:5:94 acetic acid/methanol/methylene chlor- 
ide) Rf = 028. HPLC: t« (YMC, S-3 ODS (C-18) 6.0 x 150 mm; 1.5 ml/min. linear gradient 0-100%B over 30 

40 minutes. Buffer A = methanol/water/phosphoric acid (10:90:02), Buffer B = methanol/water/phosphoric acid 
(90:10:0.2)) = 14.69 min., more than 95% of total peak area at 254 mM. 





Anal, calc'd. for C^H^N^SaOJSCHaCQzH: 


45 




C, 44.61; 


H, 5.82; 


N, 7.71; 


S, 17.64 




Found: 


C, 44.76; 


H, 5.71; 


N, 7.81; 


S. 17.76. 



Example 18 

[4S-[4q(R*)7a,9aM}-0<tahydro-4^3-<ydopropy^ 
b][1,3]thiaz pine-7-carboxylic acid 

a) (R)-2-U(Ph nylmethoxy)carbonyl]amino]-4-pentenoic acid 

A mixtur of D-allylglycine (2.8 g, 24.3 mmol), 1 M aqueous sodium hydroxide solution (25 ml), and tetra- 
hydrofuran (10 ml, distilled fr m ketyl) was stirred at room temperatur until homogeneous then cooled in an 
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ice-bath. To the resulting rapidly stirred solution was added about 5 mL of 1.0 M aqueous sodium hydroxide 
solution then dropwise about 1 g of b nzyl chloroformate. This was repeated 4 additional times until a total of 
28 mL of 1.0 M aqueous sodium hydroxide soltuion and 4.80 g (95%, 27 mmol) of benzyl chloroformate were 
added. The reaction mixtur was stirred for 15 minutes at 0°C then 30 minutes at room temperature and then 
5 extracted with 50 mL of ether. The aqueous layer was acidified (pH = 1.5) the by addition of 6N hydrochloric 
acid solution (about 10 mL) then extracted with three-50 mL portions of ether. The three ether extracts were 
combined, dried (magnesium sulfate) and concentrated in vacuo to afford 6.01 g of title product as a colorless 
oil. 

w b) (R)-2-[[(Phenyimethoxy)carbonyllaminoM-pentenoic acid, phenylmethyi ester 

Cesium carbonate (4.28 g, 13.1 mmol) was added to a solution of the product from part (a) (5.96 g, 23.9 
mmol) in anhydrous dimethylformamide (25 ml) at room temperature. The reaction mixture was stirred for 20 
minutes then benzyl bromide (4.5 g, 26.3 mmol) was added rapidly (mildly exothermic). The mixture was stirred 
15 for 30 minutes then partitioned between 100 ml of water and 1 00 ml of ether. The organic layer was separated, 
washed with three-100 mL portions of water, 50 mL of brine, dried (magnesium sulfate) and concentrated in 
vacuo to give an oil. The crude material was purified by flash chromatography (Merck silica gel, 24 x 5.0 cm, 
1:10 ethyl acetate/hexane then 1:4 ethyl acetate/hexane) to afford 6.13 g of title product as a colorless oil. 

20 c) (RH-[[(Phenylmethoxy)carbonyOaminolcyclopropanepropanoic acid, phenylmethyi ester 

Pafladium(ll)acetate (65 mg, 0.29 mmol) was added to a solution of the product from part (b) (5.78 g, 17.1 
mmol) in anhydrous ether (60 ml) and stirred for 10 minutes. The resulting mixture was cooled to 0°C was ex- 
cess ethereal diazomethane (prepared from 12 g N-methyl-N'-nitro-N-nitrosoguanidine/l 20 ml ether) was add- 
25 ed in portions over about 1 5 minutes. The reaction mixture was stirred for 1 5 minutes then quenched by addition 
of 1 mL of glacial acetic acid. The solution was transferred to a separatory funnel, washed with 100 mL of satu- 
rated aqueous sodium bicarbonate solution, 50 mL of brine, dried (magnesium sulfate) and concentrated in 
vacuo to give a yellow oil. The crude material was purified by flash chromatography (Merck silica gel, 20 x 5.0 
cm, 1:4 ethyl acetate/hexane) to afford 5.74 g of title product as a colorless oil. 

30 

d) (R)-(a-Amino)cydopropanepropanoic acid 

Palladium on carbon catalyst (10%, 1.14 g) was added to a solution of the product from part (c) (5.71 g, 
16.2 mmol) in methanol (75 ml) and stirred under an atmosphere of hydrogen (balloon) at room temperature 
35 for 48 hours. The reaction mixture was filtered to remove the catalyst and the catalyst was rinsed with warm 
water. The filtrate was then passed through a 0.4 ilM polycarbonate membrane filter. The filtrate was concen- 
trated in vacuo to give 2.03 g of title product as a white solid. 

e) (S>g-(Acetyithio)cyclopropanepropanoic acid 

40 

A mixture of the product from part (d) (2.00 g, 1 5.5 mmol) in 2.5 N aqueous sulfuric acid (30 ml) was stirred 
at room temperature until homogeneous and then cooled to -5°C. Potassium bromide (6.50 g, 54.6 mmol) was 
added to this solution in one portion. The mixture was stirred until homgeneous. Sodium nitrite (1.60 g, 23.2 
mmol) was then added in small portions over about 25 minutes, maintaining the reaction temperature below 

45 0°C. The reaction mixture was stirred for an additional 1 hour at 0°C then at room temperature for 1 .5 hours. 
The resulting mixture was diluted with 30 ml of water and extracted with three-30 mL portions of ether. The 
combined ether extracts were washed with 25 mL of brine, dried (magnesium sulfate) and concentrated in va- 
cuo to give 2.82 g of crude (R)-(a-bromo)cyclopropanepropanoic acid as a pale yellow oil. 

A solution of this crude (R)-(a-bromo)cyclopropanepropanoic acid was added in acetonitrile (10 ml) over 

so 5 minutes to a stirred slurry of potassium thioacetate (1 .83 g, 16.1 mmol) in acetonitrile (20 ml) while cooling 
in an ice-bath. The reaction mixture was stirred at 0°C for 1 hour then at room temperature for 16 hours. The 
reacti n mixture was filtered and the filtrate concentrated in vacuo to give an oil. The oil was partitioned be- 
tween 50 mL of ether and 50 mL of 5% aqueous sodium thiosulfate solution. Th organic layer was separated, 
wash d with 25 mL of brine, dried (magnesium sulfate) and concentrated in vacuo to give a y How oil. The 

55 crude material was purified by flash chromatography (Merck silica gel, 12 x 5.0 cm, 1:19 methanol/methylene 
chloride) to afford 1 .52 g of title product as a yellow oil. 
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f) [4S-[4q(R^Jg,9aM}^ctahydro^ 
b1[1,3]thiazepine-7-carboxylic acid, methyl ester 

B nzotriazol-1-yic^ris(dimethylamino)-phosphonium hexafluorophosphate (292 mg, 0.66 mmd) was 
5 added in on portion to a mixture of [4S-(4a Jc^9ap)]-octahydro-4-amino-5-oxopyrrolo[2 f 1-b][1 ,3]thiazepine- 
7-carboxylic acid, methyl ester, p-tduenesulforiic acid salt [250 mg, 0.60 mmol, prepared from the material de- 
scribed in Example 5(d)] in methylene chloride (3 ml, distilled from calcium hydride), triethylamine (121 mg, 
1 .20 mmol), and the product from part (e) (122 mg, 0.65 mmol) in methylene chloride (3 ml, distilled from cal- 
cium hydride). The reaction mixture was stirred for 0°C for 1 hour then at room temperature for 1 .5 hours. The 
10 resulting mixture was partitioned between 20 ml of ethyl acetate and 20 ml of 1 M aqueous potassium bisutfate 
solution. The organic layer was separated, washed with 20 ml of 5% aqueous sodium bicarbonate solution, 20 
ml of brine, dried (magnesium sulfate) and concentrated in vacuo to give an oil. The crude material was purified 
by flash chromatography (Merck silica gel, 12x3.0cm, 1:1 ethyl acetate/hexane) to afford 191 mg of title prod- 
uct as a solid white foam. 

15 

g) [4S-[4a(R*) t 7cu9apIl-Octahydro-4-t(3-cydopropyl-2-me 
bfl1 t 3]thiazepine-7-carboxylic acid 

A solution of the product from part (f) (1 85 mg, 0.45 mmol) in methanol (3 ml) was sparged with argon for 
20 10 minutes at 0°C and then 1M aqueous sodium hydroxide solution (3 ml, freshly sparged with argon for 10 
minutes) was added. The reaction mixture was stirred for 2.5 hours at room temperature with continuous argon 
sparge then acidified by addition of 20 ml of 1 M potassium bisutfate solution and extracted with 20 ml of ethyl 
acetate. The organic extract was washed with 20 ml of brine, dried (sodium sulfate) and concentrated in vacuo 
to give a gum. The gum was rinsed with anhydrous ether then concentrated under oil pump vacuum to afford 
25 121 mg of the title product as a white foam; [ah = -103° (c = 0.23, methanol). TLC (1:10:90 acetic 
acid/methanol/methylene chloride) R, = 0.46. HPLC: t« (YMC S-3 ODS 6.0 x 150 mm; 1.5 mL/min, linear gra- 
dient 0-100%B over 30 minutes, Buffer A = methanol/water/phosphoric acid (10:90:0.2), Buffer B = metha- 
nol/water/phosphoric acid (90:10:0.2)) = 20.7 minutes greater than 97% of total peak area at 254 nm. 



30 


Anal, calc'd for C 1S H 2 2N 2 0 4 S 2 • 0.20 H 2 0: 






C, 49.77; 


H, 6.23; 


N, 7.74; 


S, 17.71 




Found 


C, 50.01; 


H, 6.27; 


N, 7.50; 


S, 17.40. 



35 



Example 19 

[4S-(4aJg,9ap)}-0(tehydro^^(1-merra^ 
7-carboxylic acid 

a) 1-Mercaptocydopentanecarboxylic acid 

A solution of lithium diisopropylamide was prepared under nitrogen from diisopropylamine (5.4 ml, 38.5 
mmol) and n-butyllithium (2.5 M in hexanes, 15.4 ml, 38.5 mmol) in tetrahydrofuran (17.6 ml), maintaining the 
temperature between -3°C to 0°. After stirring for 15 minutes, cyciopentanecarboxylic acid (2.0 g, 17.5 mmol) 
was added in tetrahydrofuran (2 ml) at 0°C to 3°C over 25 minutes. After 15 minutes at 0°C, the bath was re- 
moved and the reaction was stirred 15 minutes more, causing the temperature to rise to 15°C. The milky white 
solution was cooled to -78°C and sulfur (S e , 618.0 mg, 19.3 mmol) was added as a solid, maintaining the tem- 
perature at -78°C. The reaction was allowed to warm to room temperature in situ. After 70 hours, the reaction 
was cooled to 0°C, quenched with water (pH 8-9) and quickly acidified to pH 1 with 6N hydrochloric acid. The 
aqueous solution was extracted with ethyl acetate (3 x 30 ml), washed with brine, dried (magnesium sulfate), 
filtered and concentrat d to give 2.62 g of title product as a yellow oil. 

b) 1-(Acetylthio)cyclopentanecarboxylic acid 

To a solution of the product from part (a) (1 .44 g, 9.89 mmol) in a nitrogen sparged solution of 1 N sodium 
hydroxide (20 ml, 19.7 mmol) at 0°C was add d acetic anhydrid (0.93 ml, 9.89 mmol). Tetrahydrofuran (13 
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ml) was added in order to solubilize the oil which formed. After stirring on hour at 0°C (pH 7), the reaction 
was warmed to room temperature and additional acetic anhydride (0.47 ml, 4.9 mmol) was added, as well as 
solid potassium carbonate (2.04 g, 14.8 mmol) to pH 10 and tetrahydrofuran (4 ml). After stirring overnight at 
room temperature, th reaction mixture was acidifi d to pH1 with 1N hydrochloric acid and xtracted with ethyl 
5 acetate. The ethyl acetate extracts were combined, washed with brine, dried (magnesium sulfate) filtered and 
concentrated in vacuo to give a yellow solid (1.61 g). The solid was recrystallized twice from ethyl acetate/hex- 
anes to give 614 mg of title product as a light brown solid; m.p. 119.5 - 121 .5°C. 

c) [4S-(4a,7tt,9ap)>Octahydro-4-^ 
10 pine-7-carboxylic acid.methyl ester 

To a solution of the product from part (b) (94.5, 0.502 mmol) in methylene chloride (3.6 ml) at 0°C under 
nitrogen, was added triethylamine (70 til, 0.502 mmol) followed by [4S.(4a,7a,9ap)H-aminooctahydro-5-ox- 
opyrrolo[2,1-b][1 l 3]thiazepine-7-carboxylic acid, methyl ester, p-toluenesulfonic acid salt [prepared from the 

is material described in Example 5(d), 198.9 mg, 0.478 mmol] in one portion, followed by triethylamine (66.6 jil, 
0.478 mmol). The reaction was stirred for 5 minutes at 0°C. Benzotriazol-1-yloxytris(dimethylamino)phospho- 
nium hexafluorophosphate (222.0 mg, 0.502 mmol) was then added as a solid. The reaction was stirred at 0°C 
for one hour and then at room temperature for 2.25 hours. The reaction was concentrated in vacuo and the 
residue partitioned between ethyl acetate and 5% potassium bisutfate (20 ml). The organic layer was washed 

20 with half saturated sodium bicarbonate and brine, dried (magnesium sulfate), filtered and concentrated to a 
clear oil. Purification by flash chromatography eluting with 11:9 ethyl acetate/hexane gave 169.3 mg. of title 
product as a clear oil. 

d) [4S^4q,7a,9aP)>Octahydro^E(1^ 
25 pine-7-carboxyitc acid 

A solution of the product from part (c) (167.3 mg. ( 0.404 mmol) in methanol (4 ml, deoxygenated via nitro- 
gen bubbling) was cooled to 0°C and treated with 1 N sodium hydroxide (4 ml, deoxygenated via nitrogen bub- 
bling). After stirring for 1.5 hours at 0°C while purging continuously with nitrogen, the reaction was warmed to 

30 room temperature. After a total of three hours, the reaction was acidified to pH 1 with 5% potassium bisutfate 
and extracted with ethyl acetate. The organic layers were combined, washed with water (20 mi), brine, dried 
(sodium sulfate), filtered, concentrated in vacuo and re-evaporated from hexanes to give a white solid. The 
compound was dissolved in dioxane (anhydrous) and tyophillized to give 110 mg, of title product as a white 
solid; [<x] D = -106.5° (c = 0.68, chloroform). TLC (7:2.9:0.1, ethyl acetate/hexane/acetic acid)R, = 0.12. 

35 HPLC: t« = 21.5 min; YMC S-3 ODS (C-18) 6.0 x 150 mm; 0% to 100% B: A, 30 minutes linear gradient and 
10 minutes hold, 1.5 ml/min.; A= 90% water/ 10% methanol + 0.2% phosphoric acid, B = 90% methanol/ 10% 
water + 0.2% phosphoric acid; 220 nm. 





Anal, calc'd for CuH^^SyO.IS C 4 H 8 O 2 *0.7 H 2 0 • 0.08CeH u : 


40 


Found: 


C, 49.37; 
G, 49.03; 


H, 6.63; 
H, 6.37; 


N, 7.16; 
N, 7.21; 


S, 16.39 
S, 16.65. 



Example 20 

[4S-(4a,7a,10ap)H-[(2-Carboxy-^ 
pine-7-carboxylic acid 

a) 3-(Phenylmethyl)propanedioic acid, monoethyl ester 

3-(Ph nylmethyl)propanedioic acid, di thyl ester (2.5 g, 10 mmol) in 10 ml of tetrahydrofuran was stirred 
overnight with 10 ml of 1N lithium hydroxide. The reaction mixture was acidified with 11 ml of 1N hydrochloric 
acid and extracted with two 50 ml portions of ethyl acetate. The ethyl acetate xtracts were washed with brine, 
dri d (sodium sulfate), and concentrated in vacuo. The cone ntrate was chromatographed through silica gel 
(80 g) using a 5% methanol:chloroform solvent system. The appropriate fractions were combined and concen- 
trated to yield 1 .23 g of title product 
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b)[4S-(4tt,7a,10aB)l-4-[[2-(Ethoxyca^^ 

b] [1,3]thiazepine-7-carboxylic acid, methyl ester 

Th product from part (a) (0.222g, 1 mmol) and [4S-(4a f 7a f 10ap)]-octahydro-4-amino-5-oxo-7H-pyri- 
5 do[2,1-b][1 ,3Jthiazepine-7-carboxylic acid, methyl ster [0.258 g. t 1 mmol, prepared as described in Example 
3(c)] were dissolved in methylene chloride (5 mt) and cooled to 0°C. Triethylamine (0.14 ml, 1 mmol) was added 
and the reaction mixture was stirred for one hour. Benzotriazol-l-yloxytris(dimethylamino)phosphonium hex- 
af luorophosphate (0.442 g, 1 mmol) was added and the solution was stirred at 0°C for 1 hour and at room tem- 
perature for 2.5 hours. The reaction mixture was diluted with 50 ml of methylene chloride and washed with 
w water, 1 0% sodium bisulfate, saturated aqueous sodium bicarbonate, dried (sodium sulfate), filtered and con- 
centrated in vacuo. The residue was chromatogaphed through silica gel using 30% ethyl acetate in hexanes. 
The appropriate fractions were combined and concentrated in vacuo to yield 0.22 g of title product 

c) [4S-(4a,7a, 1 0aP)H-[(2-Carboxy- 1 -oxo-3-phenylpropyl)aminoloctahydro-5-oxo-7H-pyrido[2, 1 -b][1 ,3]thia- 
15 zepine-7-carboxyiic acid 

The product from part(b) (0.22 g, 0.476 mmol) was stirred with 1N lithium hydroxide (5 ml) in tetrahydro- 
f uran (5 ml) at room temperature for 3 hours. The reaction mixture was acidified to pH 2 with 1 N hydrochloric 
acid and concentrated in vacuo. The residue was dissolved in ethyl acetate and washed with water, brine, dried 
20 (sodium sulfate), and concentrated in vacuo to 3 ml at which point product crystallized. After standing at 0°C 
overnight the solid was filtered and dried to yield 0.16 g of title product as a white solid; m.p. 159 - 162°C; 
[a] D = -84.92° (c = 0.7, methanol). TLC (chloroformrmethanol, 9:1) Rf = 0.23, 0.28. 

HPLC: tR = 16.15, 16.35 min.; (UV 254 nm); YMC S-3 ODS (C-1 8) 6.0 x 1 50 mm, 3*i end capped column, linear 
gradient of 50 - 90% aqueous methanol containing 0.2% phosphoric acid, 20 min., 1.5 mi/min. (44.9%, 55.1 % 
25 isomer mixture). 





Anal. calc'dforC 2 oH 2 4N 2 Sa 6 .0.1 H 2 0: 






C, 56.89; 


H, 5.78; 


N, 6.66; 


S, 7.59 


30 


Found: 


C, 56.98; 


H, 5.68; 


N, 6.58; 


S, 7.15. 



Example 21 

[4S-[4g(R*)Ja,10ap]]-Octahydro-4-[(2-mera 
b][1,3]thiazepine-7-carboxylic acid 

a) 0-(2,2-Dimethoxyethyl)-N-[N-[(phenylmethoxy)cart)onyll-L-hoiTH^eryi}-L-serine, methyl ester 

A solution of N-[0-[(1,1-dimethylethyi)-dimeth^^ 
dimethoxyethytJ-L-serine, methyl ester [5.56 g, 10 mmol, prepared as described in Example 10(h)] in methanol 
(65 ml) was cooled to 0°C (ice salt bath), treated with p-toluenesulfonic acid monohydrate (386 mg, 2.0 mmol) 
and stirred at 0°C for 1.5 hours. The reaction was quenched with sodium bicarbonate solution (198 mg. in 20 
ml water), stirred for 5 minutes then evaporated to remove the methanol. The aqueous phase was extracted 
with ethyl acetate (2 x 200 ml) and the combined organic extract was washed with water (110 ml), 5% sodium 
bicarbonate (80 ml) and brine (80 ml), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and 
dried in vacuo. The crude product was chromatographed on silica gel column (Merck), eluting the column with 
ethyl acetate:hexane (2:1) and ethyl acetate:methanol (98:2) to give 3.975 g of title product as a syrup. TLC 
(ethyl acetate:hexane, 4:1) R f = 0.17. 

b) Q-(2,2-Dimethy1oxyethyl)-N-[0-(methylsutfo^ me- 
thyl ester 

A solution of the product from part (a) (3.975 g, 8.98 mmol) in dry methylene chloride (52 ml) was cooled 
to -15°C, treated with triethylamine (1.82 ml, 13.1 mmoles) and methanesulfonyl chloride (0.82 ml, 10.6 
mmol s) and stirred at -1 5°C for 30 minutes. The reacti n mixture was quenched with 25% ammonium chloride 
(19 ml), warmed to room temperature and diluted with ethyl acetate (750 ml). The organic phase was washed 
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with 5% potassium bisutfate (100 ml), 50% saturated brin (100 ml) and saturated brine (100 ml), dried (an- 
hydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo to giv 4.9 g of title product as a 
waxy solid. TLC (ethyl acetate:h xane, 4:1) Rf = 0.32. 

s c) N-[S-Atstyl-N-[(phenylmethoxy)rarto^ methyl es- 

ter 

Cesium carbonate (5.56 g, 17.04 mmoles) was added to a solution of thiolacetic acid (2.6 ml) in dry me- 
thanol (40 ml), stirred for 1 0 minutes then evaporated to dryness. The resulting solid was triturated with acetone 

10 (7x8 ml) and the off-white solids obtained were dried ft? vacuo to give 4.39 g cesium thiolacetic acid. 

A suspension of cesium thiolacetic acid (2.43g, 13 eq.) in dry dimethylformamide (8.0 ml) was treated with 
a solution of the product from part (b) (4.9 g, 8.98 mmol) in dry dimethytformamide (24 ml) and stirred for 16 
hours at room temperature under argon. The mixture was diluted with ethyl acetate (1.0 L), washed succes- 
sively with 5% sodium bicarbonate (2 x 1 50 ml), water (2 x 1 50 ml) and brine (1 50 ml), dried (anhydrous sodium 

is sulfate), filtered, evaporated to dryness and dried in vacuo. The crude product was chromatographed on a silica 
gel column (Merck), eluting the column with ethyl acetate:hexane mixtures (1 :1 ; 2:1 ) to give 3.93 g of the title 
product as a waxy solid. TLC (ethyl acetate:hexane, 4:1) R, = 0.63. 

d) Q^2,2-Dimethoxyethyl)-N-[N4(pher^ methyl ester 

20 

A solution of the product from part(c) (200 mg, 0.49 mmol) in methanol (8.0 ml) was purged with argon 
for 30 minutes, cooled to 0°C (ice-salt bath) and treated with 25% sodium methoxide in methanol (0.11 ml, 0.5 
mmol), maintaining the bubbling of argon throughout the addition and length of the reaction. After 5 minutes 
at 0°C, the mixture was quenched with 25% ammonium chloride (2.3 ml) and partitioned between ethyl acetate 
25 (2x12 ml) and water (2.3 ml). The combined organic extracts were washed with 25% ammonium chloride (4.6 
ml) and brine (4.6 ml), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo to 
give 183.2 mg of title product as a white solid. TLC (ethyl acetate:hexane, 4:1)R, = 0.62. 

e) [4S-(4q,7a,10aMfrOctehydro-^^ 
30 pine-7-carboxylic acid 

A solution of the product from part (d) (50 mg, 0.11 mmol) in dry methylene chloride (2.0 ml) was treated 
with Amberlyst@ 15 (H+ form; 13 mg), stirred for 3 days at room temperature under argon, treated with more 
Amberlyst<S> 15 (13 mg) and stirred for another 3 days. The solution was decanted and chromatographed on 
35 silica gel column (Merck), eluting the column with ethyl acetate:hexane mixtures (1:3; 1:1) to give 21.1 mg of 
title product as a syrup. UC (ethyl acetate:hexane, 4:1) Rf = 0.70. 

f) [4S-(4tt,7a,10ap)]-Octahydro-4-am^ acid, methyl 
ester 

40 

Asolution of the product from part (e) (421 mg, 1 .01 mmoles) in dry methylene chloride (25 ml) was treated 
with trimethylsilyl iodide (0.72 ml, 5.06 mmoles) and stirred at room temperature under argon for 1.75 hours. 
The mixture was evaporated to dryness and the syrup obtained was partitioned between ethyl ether (50 ml) 
and 0.2 N hydrochloric acid (2 x 25 ml). The aqueous phase was brought to pH 1 0 with saturated sodium bi- 
45 carbonate (25 ml), treated with solid sodium chloride (2.0 g) and extracted with methylene chloride (3 x 75 ml) 
to give 219 mg of title product as a syrup. A second treatment of the aqueous phase with sodium chloride (2.0 

g) and reextraction with methylene chloride (2 x 100 ml) gave an additional 37 mg of title product TLC (me- 
thylene chloride:methanol, 9:1) Rf = 0.23. 

50 g) [4S-[4a(R«)7a,1 0ap]]-Octahydrc>-4-I[2-(acetylthio)-1-oxc-3-phenylpropyl]aminol-5-oxo[1 ,4]oxazino[3,4- 
b1[1,3]thiazepine-7-carboxylic acid, methyl ester 

(S)-2-(Acetylthio)b nzenepropanoic acid, dicycloh xylamine salt (516 mg, 1.32 mmol, 1.2 eq.) was sus- 
pended in ethyl acetate (42 ml), washed with 5% potassium bisulfate (5 x 6.0 ml) and brine (6.0 ml), dried (an- 
55 hydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo. 

The free acid was dissolved in dry methylene chloride (9.5 ml), cooled to 0°C (ice-salt bath) and treated 
sequentially with a solution of the product from part (f) (285.5 mg, 1.09 mmol) in dry methylen chloride (4.2 
ml), triethylamine (0.14 ml, 1.15 mmol) and benzotriazol-1-yloxytris(dim thylamino)phosphonium hexafluor- 
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ophosphate (484 mg, 1.09 mmd). The reaction mixture was stirred at room temp rature for 1.0 hour and at 
room temperature for 2.0 hours under argon, then stripped to dryness. The residual syrup was dissolved in 
thyl acetate (40 mi), washed with 0.5 N hydrochloric acid (2 x 6.6 ml), water (6.6 ml) and brine (6.6 ml), dried 
(anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo. Th crude product was chro- 
5 matographed on silica gel column (Merck), eluting with ethyl acetat :hexane mixtures (1:2; 1:1) to giv 382.9 
mg of title product as a syrup. TLC (ethyl acetate:hexane, 1 :1) Rf = 0.28. 

h)[4S-[4a(RVa,10aPfrOctahydro 
b][1,3]thiazepine-7-carboxyiic acid 

10 

A solution of the product from part(g) (382.9 mg, 0.82 mmd) in methanol (9.0 ml) was purged with argon 
for 30 minutes, cooled to 0°C (ice-salt bath) then treated with 1.0 N sodium hydroxide (3.32 ml, 4.0 eq; previ- 
ously purged with argon for 30 minutes), maintaining the bubbling of argon throughout the addition and length 
of the reaction. The reaction mixture was stirred at 0°C for 5.0 hours and at room temperature for 1.0 hour, 

is brought to pH 2.0 with 5% potassium bisutfate (1 4.5 ml), warmed to room temperature and extracted with ethyl 
acetate (2 x 50 ml). The combined organic extracts were washed with brine (10 ml), dried (anhydrous sodium 
sulfate), filtered, evaporated to dryness and dried in vacuo. The syrup obtained was evaporated twice from 
hexane (25 ml) and the solid foam obtained was chromatographed on a silica gel column (Merck), eluting the 
column with tolueneracetic acid mixtures (1 00:1 ; 50:1 ; 20:1 ) to give 212 mg of title product as a solid; m.p. 224 

20 - 226°C; [a] D = -50.2° (c = 0.45, methanol). TLC (toluene:acetic acid, 5:1 ) R, = 0.28. 

HPLC: tR = 5.37 min. (UV 220 nm) (98.9%); YMS S-3 ODS (C-18) 6 x 150 mm; 60% (10% water-90% methanol 
-0.2% phosphoric acid) / 40% (90% water-10% methanol -0.2% phosphoric acid), isocratic. 





Anal, calc'd for C^H^OsSz • 0.14 H 2 0: 


25 




C, 52.34; 


H, 5.44; 


N, 6.78; 


S, 15.53 




Found: 


C, 52.58; 


H, 5.57; 


N, 6.44; 


S, 15.16. 



Example 22 

[4S-[4a(R^7a,10apn-Octahydro^K 
b][1,3]thiazepine-7-carboxylic acid 

35 

The product of Examples 3 and 11 was also prepared as follows: 

a) [4S-(4tt,7a,10ap)]-Octehydro-4-amino-5-oxo-7H-p^ acid, methyl 
ester, p-toluenesulfonic acid salt 

40 

[4S-(4a,7a,10ap)^O<tehydro-4-amino-5^^ acid, methyl 

ester (6.11 g) was dissolved in ethyl acetate (about 100 ml) and treated with a solution of p-toluenesulfonic 
acid monohydrate (4.52 g) in methanol (3 ml) and ethyl acetate (20 ml). A precipitate formed immediately. The 
mixture was diluted with additional ethyl acetate and the solid was collected by filtration. The solid was washed 
with ethyl ether and dried in vacuo to give 7.908 g of the title product as a pale yellow solid in 98% purity; m.p. 
179-1 81 °C(decomp.). 

b) [4S-{4q(R*),7a, 1 0ap]]-Octahydro-4-[[2-(acetylthio)-1 -oxo-3-phenylpropyi]amino]-5-oxo-7H-pyrido[2,1 - 
b][1,3]thiazepine-7-carboxyiic acid, methyl ester 

50 

A slurry of the product from part (a) (636 mg, 1.48 mmol) in methylene chloride (5 ml) and dimethylfonma- 
mide (1 ml) was treated with N-methylmorpholine (163 nl, 150 mg, 1.48 mmol) followed by 1-hydroxy-7-aza- 
b nz triazol (208 mg, 1.52 mmol). The bright yellow solution was then treated with (S)-2-(acetylthio)benze- 
nepropanoic acid (333 mg, 1.48 mmol) in methylene chloride (5 ml) and cooled in an ice-bath. Ethyi-3- 
55 (dimethylamino)propyl carbodiimide, hydrochloride salt (2.88 mg, 1 .50 mmol) was added and the mixture was 
stirred at 0°C for 1 hour and at room temperature for 1 .5 hours. The solvent was removed by rotary evaporation 
and the residu was partitioned between ethyl acetate and 0.5 N hydrochloric acid. The ethyl acetate xtract 
was washed successively with water (twice), 50% saturated sodium bicarbonate, and brine, then dried (sodium 
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sulfate), filtered, and stripped to give 651.2 mg of title product as a whit foam. 

c) [4S^4q(R*)7aJOaP}]-0(tahydF^ - 
b][1,3]thiazepine-7-cart>oxyiic acid 

5 

A solution of the methyl ester product from part (b) in deoxygenated methanol was treated with 1 N sodium 
hydroxide according to the procedure of Example 3(d) to afford the title product. 

Example 23 

10 

[4S-[4a(R*)Jq,10apn^(tohydr^ 
b][1,3]thiazepine-7-carboxylic acid 

The product of Examples 3, 11 and 22 was also prepared as follows: 

15 

a) N4(Phenylmethoxy)carbonylH-methionine 

In a 2L flask equipped with a mechanical stirrer and internal thermometer, sodium hydroxide (61.65 g, 
1.541 mol) was dissolved in distilled water (1000 ml). To this solution, L-methionine (100.0 g, 0.670 mol) was 

20 added at room temperature. The solution was cooled in an ice bath (internal temperature 3°C) and benzyl chlor- 
oformate (110 ml, 0.737 mol) was added over 10 minutes. After a 15 minute induction period, the internal tem- 
perature rose from 3°C to 12°C over 30 minutes and then dropped to 0°C over 15 minutes. The reaction was 
stirred at 0°C for 2 hours, during which time the initially cloudy reaction mixture became homogeneous. The 
ice bath was removed, and the reaction was allowed to warm to room temperature over 1 hour. The reaction 

25 mixture was transferred into a separatory funnel and washed with hexane (2 x 300 ml). The aqueous layer 
was acidified with 6N hydrochloric acid to pH 5 and diluted with ethyl acetate (600 ml). The mixture was further 
acidified to pH 2. The organic layer was separated, and the aqueous layer was extracted with ethyl acetate 
(3 x 600 ml). The organic extracts were combined and washed with brine (750 ml), dried (magnesium sulfate), 
filtered and concentrated in vacuo to produce a light yellow oil. The crude product (oil) was dissolved in toluene 

30 (1 500 ml), and the solution was concentrated to half of its volume. A second portion of toluene (750 ml) was 
added, and concentrated again such that 630 ml of toluene remained. This solution was stored at 5°C overnight, 
during which time some of the product crystallized from solution. The solid was redissolved by warming to room 
temperature. Toluene (134 ml) was then added (a few seed crystals remained). With mechanical stirring, hep- 
tane (500 ml) was added in 30 ml portions at 10 minute intervals (approximately 3 hours total addition time). 

35 At this point, the product started to crystallize from solution. An additional portion of heptane (1020 ml) was 
added over 1.5 hours, and the resulting slurry was stirred for 2 hours. The product was collected by vacuum 
filtration, washed with 1:2 toluene: heptane (3 x 150 ml) and heptane (3 x 500 ml) and air-dried to give 158.6 
g of title product as a white solid; m.p. 66°C; [a] D = -1.5° (c = 1, 95% ethanol). TLC (ethanol water, 3:1) R,= 
0.78. 



Anal, calc'd for C 13 H 17 N0 4 S: 


Found: 


C, 55.11; 
C, 54.96; 


H, 6.05; 
H, 6.20; 


N, 4.94 
N, 4.83. 



b) N-[(Phenylmethoxy)carbonyl]-L-methionine, methyl ester 

In a 3 L flask equipped with a mechanical stirrer and an argon intet, the product from part (a) (100.0 g, 
0.353 mol) was dissolved in methanol (2L), and p-toluenesutfonic acid monohydrate (6.71 g, 0.035 mol) was 
added. The reaction mixture was stirred under argon for 21 hours. Triethylamine (4.9 ml, 0.035 mol) was added, 
and the reaction mixture was stirred for an additional 15 minutes. The r action mixture was concentrated in 
vacuo to a pal yellow oil. The oil was dissolved in ethyl acetat (900 ml), and the solution was washed with 
1 N hydrochloric acid (740 ml), saturated sodium bicarbonate (2 x 740 ml) and brine (740 ml). The organic layer 
was dri d (magnesium sulfate), filtered and concentrated in vacuo to a light yellow oil. The oil was concentrated 
from h xane (2 x 100 ml) to obtain 98.22 g of title product as a white solid. 
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c) N-[(Phenyimethoxy)carbonyl}-L-methionin , sulfoxide, methyl ester 

In a 3L flask equipped with mechanical stirrer, the product from part (b) (97.95 g, 0.329 mol) was dissolved 
in methanol (1675 ml) and distilled water (215 ml). Th solution was cooled in an ice bath, and sodium bicar- 

5 bonate (28.5 g, 0.339 mol) was added. N-Chlorosuccinimide (44.0 g, 0.329 mol) was added in small portions 
over 25 minutes so that the internal temperature did not exceed 7°C. The mixture was stirred in an ice bath 
for 1 hour and then was allowed to warm to room temperature over 1 hour. The mixture was concentrated in 
vacuo by about 75% to remove the methanol, diluted with ethyl acetate (1000 ml) and washed with brine (500 
ml). The brine layer was back-extracted with ethyl acetate (2 x 200 ml). The organic extracts were combined, 

10 dried (magnesium sulfate), filtered, and concentrated in vacuo to a clear, viscous oil. The oil was concentrated 
from toluene (3 x 1 00 ml) and residual solvents were removed under high vacuum to produce crude title product 
as a clear oil, which solidified to a white solid (131.4 g). The crude product contained 12 weight percent suc- 
cinimide and 9 weight percent toluene by NMR. The product was a mixture of sulfoxide diastereomers. 

15 d) S-[(Acetyloxy)methyl]-N-[(phenylmethoxy)carbonyl]-L-homocysteine t methyl ester 

To a 1 liter flask containing the product from part (c) (102.8 g corrected weight, 0.328 mol) was added tol- 
uene (480 ml), sodium acetate (32.3 g, 0.394 mol) and acetic anhydride (1 86 ml, 1 .970 mol). The resulting mix- 
ture was refluxed (118°C) under argon for 18 hours. The dark brown reaction mixture was allowed to cool to 

20 room temperature. After an hour at room temperature the reaction mixture became very thick with solids. The 
solids were dissolved with ethyl acetate (1 00 ml), and the mixture was partially concentrated in vacuo to a vis- 
cous brown residue. The residue was concentrated from toluene (240 ml) to remove acetic anhydride, diluted 
with ethyl acetate (1 000 ml), and carefully washed with saturated sodium bicarbonate (4 x 680 ml). The organic 
layer was washed with brine (450 ml), dried (magnesium sulfate), filtered and concentrated in vacuo. Residual 

25 solvents were removed under high vacuum to produce a light brown solid. The crude product was dissolved 
in n-butyl acetate (450 ml) with warming (35°C) and stirring. After cooling to room temperature, hexane (200 
ml) was added slowly to the solution with stirring over 15 minutes. At this point the product crystallized from 
the solution. An additional portion of hexane (700 ml) was added over 30 minutes, and the resulting slurry was 
stirred for 3 hours. The product was collected by filtration and washed with 1:2 n-butyl acetate:hexane (200 

30 ml), 1:4 n-butyl acetate:hexane (2 x 240 ml), and hexane (2 x 250 ml). The product was air-dried, then dried 
under high vacuum to give 87.7 g of title product as a pale brown solid; m.p. 73°C; [a] D = -1.6° (c = 1, 95% 
ethanol). TLC (5% methanol/methylene chloride) R f = 0.80. 





Anal, calc'd for C 16 H2iNOeS: 


35 




C, 54.07; 


H, 5.95; 


N, 3.94 




Found: 


C, 53.48; 


H, 5.74; 


N, 3.82. 



e) S-Acetyl-N-[(phenylmethoxy)carbonyl}-L-homocysteine 

In a 1 L flask, a solution of the product from part (d) (83.0 g, 0.233 mol) in tetrahydrofuran (415 ml) was 
sparged with argon for 30 minutes. In a separate 2L f lasked equipped with a mechanical stirrer and an argon 
inlet, a solution of 86.8% potassium hydroxide (62.7 g t 0.969 mol) in distilled water (280 ml) was sparged with 
argon for 15 minutes. 

The tetrahydrofuran solution was added to the potassium hydroxide solution (internal temperature 20°C) 
rapidly, via cannula, with vigorous stirring under argon. The flask containing the product from part (d) was 
rinsed with 20 ml of tetrahydrof uran (sparged with argon for 1 5 minutes) and the rinse was added to the reaction 
mixture. After 30 minutes, the reaction was clear and biphasic, and an exotherm to 28°C had occurred. 

After an additional 2 hours, the reaction was cooled to 1 °C (internal) and sodium borohydride (2.75 g, 0.073 
mol) was added in one portion (exotherm to 6.8°C). The reaction mixture was stiffed for an additional 20 min- 
utes at 0°C and then allowed to warm to 11°C over 30 minutes. The reaction mixture was cooled to 1°C, and 
acetic anhydride (68.6 ml, 0.727 mol) was added over 10 minutes. An xotherm to 10°C occurred during the 
addition. The internal temp rature dropped back to 4°C before the addition was complete. The cooling bath 
was r moved, and the reaction was stirred at ambient temperature for 45 minutes. 

Th reaction mixture was concentrated in vacuo to approximately half of its volume, acidified to pH 2 with 
6N hydrochloric acid (1 75 ml), and extract d with ethyl acetate (2 x 1 .1 L). The combined organic extracts were 
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washed with brin (560 ml). The organic layer was treated with activated carbon and anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo to a yellow oil. n-Butyl acetate (380 ml) was added, and the solution 
was concentrated in vacuo (45°C) to half of its volume. A second portion of n-butyl acetate (1 90 ml) was added 
and concentrated again such that 1 90 ml of n-butyl acetate remained. Heptan (300 ml) was added slowly with 

5 stirring to haziness, and seed crystals were added. After 1 5 minutes a white solid crystallized from the solution. 
A second portion of heptane (570 ml) was added slowly over 30 minutes, and the resulting slurry was stirred 
at room temperature overnight The product was collected by filtration, washed with 1 :3 n-butyl acetate:hep- 
tane (2 x 275 ml) and hexane (2 x 275 ml), air-dried, and then dried under high vacuum to produce 50.1 g of 
title product as a white solid; m.p. 73 - 74°C; (at = -1.3° (c = 1, 95% ethanol). TLC (ethanohwater, 3:1) R, = 

10 0.83. 





Anal, calc'd for C 14 H 17 N0 5 S: 






C, 54.01; 


H, 5.50; 


N, 4.50 


15 


Found: 


C, 53.88; 


H, 5.45; 


N, 4.44. 



The filtrate was concentrated so that 1 00 ml of butyl acetate remained. This solution was treated with 310 
ml of heptane as described above to obtain a second crop of 8.4 g of title product as a white solid for a total 
yield of 58.5 g. 

f) |S-(R* t R^2-|I4-(Acetylthio)-1-oxo-2-[rphenylmethoxy)carbonyi]amino^ 
ic acid, methyl ester 

S-Acetyl-^4-[(pheny^methoxy)carbonylJ-L-homocysteine (0.456 mol) was dissolved in a mixture of methy- 
lene chloride (600 ml) and dimethylformamide (90 ml), and hydroxybenzotriazole hydrate (64.72 g, 0.479 mol) 
was added. The mixture was cooled in an ice-bath and a solution of (S)-2-amino-6,6-dimethoxyhexanoic acid, 
methyl ester [prepared as described in Example 1(e), 93.7 g, 0.456 mol) dissolved in methylene chloride (600 
ml) was added. Finally, ethyl-3-(dimethylamino)propylcarbodiimide, hydrochloride salt (91.83 g, 0.479 mol) 
was added and the reaction was stirred for one hour at 0°C, then for 2 hours at room temperature. At the end 
of that time, the reaction mixture was concentrated in vacuo and the residue was partitioned between ethyl 
acetate (3 L) and saturated aqueous sodium bicarbonate (1 L). The organic extract was washed with water (1 
L), 5% potassium bisutfate (1 L), water (1 L), and brine (1 L), then dried (sodium sulfate) and concentrated in 
vacuo to 238 g of crude product. The crude product was dissolved in ethyl acetate:methylene chloride (1 :1 , 
300 ml) and applied to a 1 0 x 1 5 cm pad of Merck silica gel. Elutfon with 8:2 ethyl acetate:hexane (7L) followed 
by ethyl acetate (4 L) provided 205.28 g of title product 

g) [4S-(4a,7a,10ap)}-Octahydro 
7-carboxylic acid, methyl ester 

Asolution of the product from part (f) [205.28 g, 0.412 mol, dried by evaporating in methylene chloride/tol- 
uene) in methanol (2 L) was cooled to 0°C (ice bath) and purged with argon for 30 minutes. A 25% by weight 
solution of sodium methoxide in methanol (95.1 ml, 1.01 eq.) was added rapidly with continued argon purging, 
and the reaction was stirred for 1 0 minutes longer, then quenched by the addition of 1 L of saturated ammonium 
chloride solution, diluted with 0.5 t of water, and treated with 3 1 of ethyl acetate. The resulting mixture was 
divided into two portions which were each separately concentrated in vacuo to remove organics (ethyl acetate 
and methanol). The concentrated residues were reoombined and treated with 1 L of ethyl acetate. The organic 
layer was separated and rinsed with 0.5 1 of saturated ammonium chloride. The combined aqueous solutions 
were reextracted with 1 L of ethyl acetate. The organic extracts were combined and washed with 1 1 of water 
and two 1 1 portions of brine, dried (sodium sulfate), filtered and concentrated. The residue was further evapo- 
rated with methylene chloride and dried in vacuo to give 182.65 g of free sulfhydryl of the product from part 
(f). 

This free sulfhydryl intermediate (0.400 mol) was dissolved in methylene chloride (4 L) and treated with 
30.8 ml (0.400 mol) of trifluoroacetic acid. The reaction mixture was refluxed for 16 hours, then cooled and 
concentrated in vacuo. The resulting residue was diss Ived in 2 1 of ethyl acetate, then washed with 400 ml 
f 0.1 N hydrochloric acid, 1 t of water, 1 L of saturated sodium bicarbonate, 1 t of water, and 1 t of brine, 
dried (sodium sulfate), filtered and concentrated. The residue was evaporated with methylene chloride and 
dried in vacuo to afford 166.24 g of title product 
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h) [4SK4aJg,10ap)VOctahydro^amm^ acid, methyi 

ester 

lodotrim thylsilan (76.6 ml, 0.538 mol) was added to a solution under argon containing the product from 
5 part (g) (162.43 g, 0.414 mol) dissolved in methylene chloride (1.5 L). After stirring for 1.5 hours, the reaction 
mixture was concentrated in vacuo and the residue was partitioned between 1 L of ethyl acetate and 700 ml 
of 1 N hydrochloric acid (evolution of C0 2 occurs; pH 1 .2). The ethyl acetate layer was separated and extracted 
with 300 ml of 1 N hydrochloric acid. The combined acidic aqueous extracts were washed with a further 1 L 
of ethyl acetate, then cooled to 0°C and basified with 4 N sodium hydroxide (about 275 ml) to pH 10.0. The 
10 aqueous layer was saturated with solid sodium chloride, then extracted with five 1 L portions of methylene 
chloride. The combined organic extracts were dried (sodium sulfate), filtered and concentrated in vacuo. The 
residue was redissolved in 1 L of methylene chloride and rinsed with 0.5 L of brine, dried (sodium sulfate), fil- 
tered and concentrated to give 98.8 g of title product 

*5 i)[4S-[4q(rr),7a,10a3fl-Octahydr^ 

b][1.3]thiazepine-7-carboxylic acid, methyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (173.1 g, 0.427 mol) was partitioned be- 
tween ethyl acetate (1 L) and 1 0% potassium bisulfate (800 ml). The organic layer was separated and washed 

20 with 5% potassium bisulfate (1 L), 50% brine (1 L) and brine (1 L), dried (sodium sulfate), filtered and concen- 
trated in vacuo. The residue was evaporated several times with methylene chloride, then dried overnight in 
vacuo to yield 97.3 g of crude (S)-2-(acetytthio)benzenepropanoic acid. 

Asolution of this (S)-2-(acetylthio)benzenepropanoic acid (0.427 mol) dissolved in methylene chloride (900 
ml) was cooled in an ice-bath and treated with a solution of the product from part (h) (100.28 g, 0.388 mol) in 

25 methylene chloride (600 ml), triethylamine (154.1 ml, 0.388 mol), and finally benzotriazol-1-yloxytris(dimethy- 
lamino)phosphonium hexafluorophosphate (188.9 g, 0.427 mol) added in one portion. After one hour at 0°C 
and 2 hours at room temperature, the reaction mixture was concentrated in vacuo and dissolved in 2 L of ethyl 
acetate. The organic solution was concentrated in vacuo and dissolved in 2 L of ethyl acetate. The organic 
solution was washed with 0.5 L of brine, 1 L of 0.5 N hydrochloric acid, 1 L of water, 2 L of saturated sodium 

30 bicarbonate, 1 L of water, and 1 L of brine, dried (sodium sulfate), filtered and concentrated. At this point, those 
aqueous rinses which contained product (TLC indication) were reextracted with ethyl acetate. The ethyl acetate 
extracts were worked up in the usual manner and all combined to give a crude yellow oil product The yellow 
oil was applied to a 15 x 15 cm silica gel pad prepared in 1:1 ethyl acetaterhexanes and eluted with 7t of 1:1 
ethyl acetaterhexanes followed by 4L of 6:4 ethyl acetaterhexanes and finally 2L of 7:3 ethyl acetate:hexanes. 

35 The filtrates containing the desired product were concentrated to give 123.57 g of title product 

j) [4S-4a(R*),7a,1 Oaffl-Ctotarortra^[(2-rrercap^ 1 - 

b][1,3]thiazepine-7-carboxylic acid 

40 Into a 1 2 1 three-necked flask, fitted with an additional funnel and mechanical stirrer, was placed a solution 
of the product from part (i) (96.0 g, 0.207 mol) in methanol (1.1 I). The solution was purged with argon for 30 
minutes then cooled in an icerbath until the internal temperature was +7°C. A total of 1 .45 L of 1 N sodium hy- 
droxide solution (previously sparged with argon for 30 minutes) was added over 1 hour. The reaction mixture 
was continuously sparged with argon during the addition. The reaction temperature rose to +12°C and was 

45 maintained during the addition. The reaction mixture was stirred for an additional 30 minutes, then warmed to 
room temperature with an ambient water bath and stirred with sparging for 2.5 hours. About 250 ml of 6 N hy- 
drochloric acid was added dropwise over 15-20 minutes to adjust the pH to 2. A gummy precipitate formed 
during the acidification. After continual stirring for a further 2 hours, the precipitate changed to a fine white 
solid, with the presence of some larger chunks of solid product The product was collected on a 600 ml sintered 

so glass funnel. Washing the collected solid with 1 L of water followed by 2 t of anhydrous ether and final drying 
in vacuo afforded 70.3 g of title product as a fine white solid; m.p. 21 8 - 220°C (dec). TtC (1 :99 acetic acid/ethyl 
acetate) Rf = 0.48. 

. HPLC: tR(YMC S-3 ODS 6.0 x 150 mm; 1.5 mL/min., isocratic 60% B, Buffer A = methanol/water/phosphoric 
acid (10:90:0.2). Buffer B = methan l/water/phosphoric acid (90:1 0:0.2)) = 9.33 min., 99.3% of total peak area 
55 at 220 nm. 
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Anal, calc'd for Cig^N^S* 




C, 55.86; 


H.5.92; 


N, 6.86; 


S, 15.70 


Found: 


C, 55.83; 


H, 5.83; 


N, 6.96; 


S, 15.70. 



Example 24 

10 [4S-[4a(RVa,10affl^ctahydrt^ 

b][1,3lthiazepine-7-cartx)xyjic add, methyl ester 

The coupling reaction described in Examples 3(c), 11(i), 22(b), and 23(i) was also carried out as follows: 
A solution of (S)-2-(acetyithio)benzenepropanoic acid (1 .83 g, 8.14 mmol) and [4S-(4a,7a,1Qap)]octahy- 
15 dio-4-amino-5-oxo-7H pyridofil-bHLSlthiazepin^-carboxylic acid, methyl ester (2.11 g, 8.17 mmol) in dry 
methylene chloride (20 ml) was cooled to 0°C and ethyl-3-(dimethylamino)propyl carbodiimide, hydrochloride 
salt (1 .77 g, 9.32 mmol) was added in a single portion. The reaction mixture was stirred at 0°C for 6 hours and 
then was concentrated to an oily foam. The residue was then partitioned between ethyl acetate (100 ml) and 
1 N hydrochloric acid (50 ml). The organic phase was washed with 1N hydrochloric acid (50 ml), saturated aqu- 
20 eous sodium bicarbonate (2 x 50 ml), and saturated aqueous sodium chloride (50 ml), dried (anhydrous sodium 
sulfate), filtered and concentrated in vacuo to give 3.43 g of title product as a white foam. 

Example 25 

25 [4S-[4tt(RVa,10ap]]-Octohydit>-4-[(2-m^ 

b][1,3]thiazepine-7-carboxylic acid, 1,1-dimethylethytamine salt 

A 15 mi, 3-necfced flask equipped with a reflux condenser was evacuated and refilled with argon three 
times. [4S-[4a(R*),7a f 1 0aM^ctahydro-4-[(2-merapto-lH)xo-^ - 

30 b][1,3]thiazepine-7-carboxylic acid (020 g) and a 1:1 solution of degassed absolute ethanol and acetonitrile 
(1.0 ml) were charged into the flask. As the heterogeneous mixture was stirred, tert-butytamine (53.0 pJ. 1.03 
eq.) was added dropwise. The solution became homogeneous within three minutes after the amine addition 
was completed. The solution (internal temperature of 20°C) was diluted slowly by the dropwise addition of acet- 
onitrile to a final volume of 10 ml. After an additional 2 hours of stirring, the solids were filtered, washed once 

35 with 1 00% acetonitrile (5 ml), air dried, and placed under high vacuum for 2 hours to remove residual solvents 
to give 0.2 g of title product as a white crystalline solid. 

The above material was combined with material from other runs and recrystallized as follows. A 25 ml, 3- 
necked flask equipped with a reflux condenser, magnetic stirrer bar, and addition funnel was evacuated and 
refilled with argon three times. The batches of 1,1-dimethylamine salt produt (0.37 g) and 59% acetoni- 

40 trile/ethanol (2.28 ml) were added to the flask. The flask and contents were warmed to 29 - 32°C to dissolve 
the solids. The solution was diluted with acetonitrile (27 ml). The heating bath was removed, and the flask was 
allowed to cool to room temperature (20°C). After one hour of additional stirring, the mixture was filtered, and 
the solids were washed once with acetontrite (10 ml), air-dried, and placed under high vacuum to remove re- 
sidual solvents and give 0.29 g of title product as a white crystalline solid; m.p. shrinks at 160°C and slowly 

45 melts and decomposes as the temperature is increased to 190-1 91 °C (at 190 - 191°C, the remaining glossy 
material melts rapidly). 

Example 26 

50 [4S-(4a,7a ( 10aft)]-Octohyd!t>^amino-^ methyl ester 

This intermediate of Examples 3(c), 11(h) and 23(h) was als prepared as follows: 
a) 2-(Acetylamino)-2-[4-(acetyloxy)butyl]propanedioic acid, diethyl ester 

55 

A stirred suspension of 95% sodium hydride (60.8 g, 2.532 mol) in anhydrous dimethylformamide (500 ml) 
under an atmosph re of argon was cooled to 0°C (ice bath). A solution of diethyl acetamidomalonate (500 g, 
2.302 mol) in anhydrous dimethylformamide (1 .2 1 ) was added ov r a period of 45 minutes while keeping the 
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reaction temperature below 16°C. After the addition was complete, the turbid solution was gradually warmed 
to room temperature. After stirring for on hour at room temperature, 4-bromobutyl acetate (471.5 g, 2.417 
mol) was added. The mixture was then stirred at 59 - 60°C for 18 hours. Th resulting slurry was cooled to 
room temperature, quenched with absolute ethanol (40 ml) and glacial acetic acid (4 ml), stirred for about 15 
5 minutes, poured into a 1 0% lithium chloride solution and extracted with ethyl acetate (2x3 1). The combined 
ethyl acetate extracts were washed with 10% lithium chloride (3x3 I), dried (anhydrous sodium sulfate), and 
evaporated in vacuo to give 750 g of title product as an oil. 

b) 2-(Acety!amino)-6-hydroxyhexanoic acid 

10 

The product from part (a) (730 g, 2.2 mol) was weighed into a 5 1. 3-neck flask (equipped with a therm- 
ometer, magnetic stirrer and air cooled condenser) and diluted with absolute ethanol (300 ml) followed by the 
addition of aqueous 6N sodium hydroxide (1.6 1, 9.6 mol). The reaction mixture was heated at 68 - 70°C for 5 
hours and a homogenous solution was obtained. The reaction was cooled to room temperature, and 6N hy- 

15 drochloric acid (1 .32 1) was added slowly to pH 1.3. The flask was equipped with a short path still head to distill 
off the ethanol as the temperature was slowly increased to 87 - 90°C and maintained at this temperature for 
8.5 hours. Slow carbon dioxide evolution was observed. The total volume of distillate was 600 ml. The pH of 
the final solution was 3.0. The reaction mixture was concentrated in vacuo until all of the water evaporated 
off and then concentrated from toluene (2 x 500 ml). The semi-solid mass was triturated with absolute ethanol 

20 (1 1), filtered, and rinsed with additional absolute ethanol (500 ml). The filtrate was concentrated in vacuo to 
yield 509 g of crude oil (82% purity) which contained ethanol and toluene. 

c) (S)-2-Amino-6-hydroxyhexanoic acid 

25 The crude product from part (b) (443 g, includes some toluene and ethanol, starting material weight esti- 
mated to be 394 g) was dissolved in water (3.3 1) and 1 N lithium hydroxide was added until the pH was 7.5 
(1 .53 1 required). The mixture was heated to 35°C and acylase (grade 1 from porcine kidney, 0.4 g) was added 
and the reaction mixture was stirred for 24 hours. At the end of this time period the pH was 7.33. The pH was 
readjusted to 7.5 with 1 N lithium hydroxide (about 2 ml), additional acylase (0.4 g) was added, and the reaction 

30 was stirred for 17 more hours (pH 7.3). The pH of the solution was adjusted to 5.9 with acetic acid. Celite® 
(20 g) and charcoal (20 g) were added and the reaction was heated to 92°C and maintained for 5 minutes. The 
reaction was filtered through a pad of Celite® and concentrated in vacuo to a semi-paste (441 g). This was 
triturated with 900 ml of 1 :5:1 0 

waterethanofcdimethytformamide. Some warming was required to break up the original cake. The reaction mix- 
35 ture was refrigerated overnight, filtered, and washed with 200 mi. of the above solvent mixture to yield 214 g 
of crude material (about 40% N-acetyl material). This material was suspended in methanol (500 ml), wanned 
on a steam bath, allowed to stand for 2 hours, and filtered. This procedure was repeated a second time to yield 
1 08 g of title product; [ah = +22° (c = 1 .44, 6 N hydrochloric acid). 
Alternatively, steps (b) and (c) were also performed as follows: 

40 

b) 2-{Acetylamino)-S-hydroxyhexanoic acid 

A5 1, 3-necked flask, equipped with a mechanical stirrer and thermocouple thermometer, was charged with 
the product from part (a) (631 g, 1.933 mol) and tetrahydrofuran (259 ml). A 6 N sodium hydroxide solution 

45 (1385 ml, 8.31 mol) was added to the stirred solution over 40 minutes. A strong exotherm occurred and it was 
necessary to cool the reaction mixture in an ice bath to keep the temperature under 60°C. The reaction mixture 
was then heated to slight reflux (pot temperature at 67 - 68°C) for 5.5 hours. 

The mixture was stirred at room temperature overnight (16.5 hours). The pH was brought from 12.75 to 
1 .30 with the gradual addition of 6 N hydrochloric acid solution (1150 ml, 6.9 mol), maintaining the temperature 

50 at about 25°C. The mixture was heated gradually with a short distillation head until distillation and gas (carbon 
dioxide) evolution started (72.3° C pot temperature, 70°C head temperature) and until distillation stopped and 
gas evolution became very slow (94.1°C pot temperature, 50°C head temperature). Total distillate collected 
was 410 ml and the pot residue had a pH of 3.9. Heating was continu d for another ten minutes with no addi- 
tional gas v lutbn. T tal heating time from the start of distillation was 7.5 hours. 

55 After stirring at room temperature overnight the clear reaction mixture (pH 3.50) was stripped in the rotary 

evaporator und r vacuum in a 60°C bath and th pasty residue was stirred with absolute ethanol (750 ml). 
The resulting crystalline suspension was stripped in the rotary evaporator (pump vacuum, 60°C bath) and the 
pasty residue was chased with absolute ethanol (2 x 750 ml). To th final residue, absolute ethanol (1 500 ml) 
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was added and the mixture was stiffed in a 60°C bath until it became a fin crystailin suspension, about 20 
minutes, and then stirred at room temp rature for 20 minutes. The suspensi n was filtered and the cake was 
washed with absolute ethan I (2x300 ml). Th filtrates appeared hazy and were furth r clarified by filtration 
through a pad of Celite®. Th new, clear f iltrat was stripped in the rotary evaporator to give 434.6 g of title 
5 product as an amber-colored thick syrup. TLC (10:1:1, methanol:acetic acid water) R, = 0.59. 

c) (S)-2-Amino-6-hydroxyhexanoic acid 

A 5 1, 3-necked flask, equipped with a mechanical stirrer and thermometer, was charged with the product 
10 from part (b) (434 g ,1.93 mol), and water (3 1). The pH of the hazy solution was adjusted from 4.05 to 7.50 by 
the addition of 1 N lithium hydroxide (705 ml). The solution was warmed to 36°C and porcine kidney acyiase 
I (0.71 0 g) was added. The mixture was stirred at 35° to 36°C for 23.5 hours, The reaction mixture was cooled 
to room temperature and the pH was brought from 7.0 to 5.9 by the addition of glacial acetic acid (4.4 ml). 
Celite® (29 g) and charcoal (29 g) were added and the temperature was raised with stirring to 91°C. The heating 
15 was removed and the mixture was allowed to cool to room temperature. The suspension was filtered through 
an 1 8.5 cm filter paper disc and the cake was thoroughly washed with water. The colorless filtrates (about 3.9 
1) were concentrated in a rotary evaporator at 60°C to give 476 g of a clear, thick oil. Absolute ethanol (720 
ml) was added and the mixture was stirred until it became a homogeneous crystalline suspension. The solvent 
was again stripped off and absolute ethanol (1584 ml) was added to the white solid residue. The suspension 
20 was rolled in the rotary evaporator at room temperature overnight (1 5 hours) and filtered through 1 8.5 cm pa- 
per. The cake was washed with absolute ethanol (7 x 100 ml) and dried to constant weight under vacuum to 
give 85.8 g of white, crystalline title product. TLC (methanohwateracetic acid, 1 0:1:1) Rf = 0.62. 





Anal, calc'd for C e H 13 N0 3 : 


25 




C, 48.25; 


H, 8.94; 


N, 9.38 




Found: 


C, 48.66; 


H, 8.77; 


N, 9.43. 



d)[S-^R>2-[[4-(Aratylthio)-1-oxo-2-|I(ph 
acid, methyl ester 



A slurry of (S)-2-amino-6-hydroxyhexanoic acid (1.0 g, 6.8 mmol) in methanol (20 ml) was stirred under 
argon at room temperature and treated with trimethylsilyl chloride (1.9 ml, 15 mmol). The resulting solution 
was stirred at room temperature for 1 8 hours. The solvent volume was reduced to about 3.5 ml under reduced 
pressure. Acetonitriie (5 ml) was added and the solution was cooled to-1 0°C. N,N-Diisopropylethylamine (4.15 
ml, 23.8 mmol) was then added and the solution was cooled to -40°C to give a solution containing (S)-2-amino- 
6-hydroxyhexanoic acid, methyl ester. 

In a separate flask, a solution of S-acetyl-N-[(phenylmethoxy)carbonyl]homocysteine [prepared as descri- 
bed in Example 23(e), 2.117 g, 6.8 mmol] in acetonitriie (5 ml) at 0°C was treated with N,N-diisopropytethyla- 
mine (1 .20 ml, 6.8 mmol). In another flask, hydroxybenzotriazole hydrate (0.104 g, 0.68 mmol) and methane- 
sulfonyloxybenzotriazole (1 .450 g, 6.8 mmol) were dissolved in acetonitriie and cooled to -1 8°C. The previously 
formed S-acetyl-N-{(phenylmethoxy)carbonyl]homocysteine was then added dropwise to this solution while 
maintaining the internal temperature at less than -1 0°C. After stirring at -1 8° to -1 2°C for three hours, the re- 
sulting solution was added dropwise to the above solution containing (S)-2-amino-6-hydroxyhexanoic acid, me- 
thyl ester at -40°C. The mixture was allowed to slowly warm to 16°C over 18 hours. The reaction was then 
poured into ethyl acetate (50 ml) and 1N hydrochloric acid (50 ml). The mixture was transferred into a sepa- 
ratory funnel and the layers were separated. The aqueous layer was extracted with ethyl acetate (2 x 50 ml). 
The organic layers were combined and then washed with 1 N hydrochloric acid (100 ml), saturated sodium bi- 
carbonate (100 ml), and saturated sodium chloride (100 ml). The solution was dried over magnesium sulfate, 
filtered, and concentrated to a white solid. To this solid was added tert-butyl methyl ether (20 ml) and the re- 
sulting slurry was stirred at room temperature for 4 hours and filtered. The product was washed with tert-butyl 
m thyl ether and dried to yield 2.087 g of titl product; m.p. 89 - 90°C. 
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) [S-(^R^2-g4-(AcetylthtoH^xo-2-[I(pher^ xanoic acid, 

m thyl ester 

To a solution of oxalyl chloride (546 pi, 6.27 mmol) in dry m thyl ne chloride (16 ml) at -65°C (internal 
5 temperature) was added dropwise a solution of dimethyisulfoxide (905 til, 12.54 mmol) in m thylen chloride 
(13 ml) over 12 minutes while maintaining an internal temperature between -65° and -60°C. A solution cf the 
product from part (d) (1.90 g, 4.18 mmol) in methylene chloride (7 ml) was added to the reaction flask over 20 
minutes producing a turbid mixture. Additional methylene chloride (1 ml) was used to complete the transfer of 
the alcohol into the reaction flask and the reaction was allowed to stir at -65°C for 40 minutes. Next N,N-dii- 
10 sopropylethylamine (3.7 ml, 20.90 mmol) was added thus producing a dear solution. After stirring an additional 
30 minutes at -65°C, the reaction was allowed to warm to -1 8°C over 2 hours. The reaction was quenched with 
10% aqueous potassium bisuffate (30 ml) and then warmed to room temperature. The reaction mixture was 
diluted with 25 ml of water, mixed, and the phases were separated. The aqueous fraction was back-extracted 
with methylene chloride (2 x 25 ml). The combined organic extracts were washed with 1 0% aqueous potassium 
15 bisulfate (25 ml), saturated aqueous sodium bicarbonate (2 x 25 ml), brine (25 ml), dried (magnesium sulfate), 
filtered and concentrated in vacuo to give 1 .84 g of title product as a white solid. 

Q[4S-(4a,7a,10ap)l-Octahydro-4-[[(phenylmefr^^ 
7-carboxylic acid, methyl ester 

20 

A dried flask under argon was charged with the product from part (e) (1 .76 g, 3.89 mmol) and methanol 
(17 ml). The solution was cooled to 0°C and sparged with argon for 25 minutes. Sodium methoxide solution 
(25% by weight in methanol, 983 pi, 4.28 mmol) was added to the reaction mixture over about 15 seconds. 
The reaction was quenched after one hour with 1N hydrochloric acid solution (20 ml) and then allowed to warm 

25 to room temperature. Ethyl acetate (35 ml) was added and after mixing, the layers were separated. The aqu- 
eous fraction was back-extracted with ethyl acetate (2x15 ml). The combined organic fractions were washed 
with 1 N hydrochloric acid solution (15 ml), brine, dried (magnesium sulfate), filtered, and concentrated in vacuo 
to give 1 .69 g of [S-(^R*)]-2-Q4-nrerapto-1-oxo^^ 
anoic acid, methyl ester as a white foam. 

30 Asolution of this white foam and trif luoroacetic acid (305 jil, 3.95 mmol) in methylene chloride (1 7 ml) was 
ref luxed for 2.25 hours. After cooling to room temperature, the reaction was concentrated and the residue was 
dissolved in ethyl acetate (25 ml), washed with saturated sodium bicarbonate solution (2 x 20 ml) and brine, 
dried (magnesium sulfate), filtered and concentrated in vacuo to yield 1.50 g of title product as a white foam. 

35 g) [4S-(4q,7a,10apfrO(tehydrT>^-amino^ acid, methyl 

ester 

Treatment of the product from part (f) with iodotrimethylsilane according to the procedure of Example 23(h) 
or 11(h) removes the N-protecting group and yields the desired 4-amino product 

40 

Example 27 

(S)-2-Phthal imido-6-hydroxyhexanoic acid 

45 This intermediate of Example 1 (c) was also prepared as follows: 

To a solution of 2-(acetylamino)-2-[4-(acetyloxy)butyi]propanedroic acid, diethyl ester [730 g, 2.2 mol, pre- 
pared as described in Example 24(a)] in absolute ethanol (300 ml) was added 6 N sodium hydroxide solution 
(1.6 1). The reaction was heated at 70 - 75°C for 5 hours, then at 90° to 95°C to distill off most of the ethanol. 
The reaction was cooled and acidified to pH 1.3 using 6N hydrochloric acid (about 1.3 1), then heated at 90° - 

so 1 00°C to achieve decarboxylation. Upon completion, the crude reaction mixture was cooled to room temper- 
ature. 

The above crude reaction mixture was heated to 35°C and treated with about 600 ml of 6N sodium hy- 
droxide followed by 1 N sodium hydroxide to adjust to pH of 7.5 (final v lum was about 5.3 1). To this mixture 
was added 0.6 g of porcine kidney acylas I. After stirring overnight at 35°C the pH was 7.25. The pH was 
55 adjusted to 7.5 and an additional 300 mg of acyiase was added. After stirring ov might, th reaction appeared 
to be about 90% complete. Th reaction mixture was next treated with 20 g of charcoal and 20 g of Celite®, 
then heated to 85°C and maintained at that temperature f r 10 minutes, then cooled to 50°C and filt red. At 
this point, the total volume of the filtrate was about 4.9 1. The filtrate was cooled to 5°C and solid sodium car- 
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bonate was added to adjust the pH to 9.3. N-Carbethoxyphthalimid (263.04 g, 1 .2 mol) was added in one por- 
tion and sodium carbonate was added as needed to keep the pH at 9.3. After 2 hours at 5°C followed by 3 
hours at room temp rature,thepHdropp d to 8.5 and most of the reag nts had dissolved. The reaction mixture 
was filtered, cool d to 5°C and acidified to pH 2.3 with 6N hydrochloric acid. The precipitated solid was col- 
5 lected by filtration and washed with 200 ml of cold water, then dried in vacuo to yield 220 g of title product 

Example 28 

[4S-(4a t 7a,10ap)}-O<tahydro^ 
10 b][1,3]thia^pine-7-cart?oxy1ic acid 

a) (Acetylamino)(1-naphthalenyimethyl)propanedioic diethyl ester 

To a solution of sodium ethoxide (21% in ethanol, 4.613 gm, 67.8 mmoi) in ethanol (100 ml) was added 
is diethyl acetamidomalonate (14.74 gm, 67.8 mmol), then 1-(bromomethyl)napthalene (10.0 gm, 45.2 mmol). 
The solution was stirred at room temperature for one hour. The reaction mixture was then concentrated to an 
orange oil. The oil was dissolved in ethyl acetate and washed with 50% saturated ammonium chloride water 
and brine, then dried over sodium sulfate, filtered and concentrated to afford an orange solid. The solid was 
recrystallized from ethyl acetate and hexane to afford beige crystals contaminated with diethylacetamido mal- 
20 onate. The solid was dissolved in 50% ethyl acetate in hexane and purified by flash chromatography on Merck 
silica gel in 50% ethyl acetate in hexane. Those fractions containing pure product were combined and con- 
centrated to afford 10.225 g. of product as a white solid; m.p. 
105-108°C; R f = 0.57 (50% ethyl acetate in hexane). 

25 b) a-Amino-1-naphthalenepropanoicacid 

A solution of the product from part (a) (1 6.1 82 gm., 47.5 mmol) was suspended in 48% hydrogen bromide 
(100 ml) and refluxed under argon for 14 hours. The hydrogen bromide salt of the product was filtered out of 
solution as a white solid, then taken up in hot (50 °C) water (500 ml) and the solution neutralized with concen- 
30 trated ammonium hydroxide. The product precipitated out of solution as a fine white solid. Upon filtration and 
drying under high vacuum overnight (18 hours), 8.335 g. of product was obtained as a fluffy white solid; m.p. 
264 °C. 

c) a-Bromo-1-naphthaJenepropanoic acid 

35 

To a solution of the product from part (b) (4.000 g., 18.6 mmol) and potassium bromide (7.63 g., 63.2 mmol) 
in 2.5 N sulfuric acid (35 ml) kept at 0 °C was added sodium nitrite (1.92 g., 27.8 mmol) over one hour. The 
mixture was stirred for an additional hour at 0° C, then was warmed to room temperature and stirred for 2.5 
hours. The reaction mixture was then extracted with ether (3x). The ether layers were combined and washed 
40 with water and brine, then dried over sodium sulfate, filtered and concentrated to give an orange oil. The oil 
was purified by flash chromatography on Merck silica gel in 70% ethyl acetate in hexane with 1% acetic acid 
added to reduce tailing. Those fractions containing the bromide were combined and concentrated to afford 
slightly contaminated product as an orange oil which solidified upon sitting overnight Rf = 0.40 (40% ethyl 
acetate in hexane with 1% acetic acid). 

45 

d) a-(Acety1thio)-1-naphthalenepropanoic acid 

To a slurry of potassium thioacetate (0.912 g., 8.00 mmol) in acetonitrile (300 ml) at 0°C was added the 
product from part (c) (2.030 g., 7.27 mmot) as a solution in acetonitrile (3 ml). The solution was stirred for one 

so hour at 0°C, then was warmed to room temperature and stirred for 1 5 hours. Potassium bromide was then fil- 
tered out of the reaction mixture and the filtrate concentrated to afford an orange oil. The oil was dissolved in 
ethyl acetate and wash d with 10% potassium bisulfate and brine, th n dried over sodium sulfate, filtered and 
concentrated to afford an orange oil. Th oil was purified by flash chromatography on Merck silica gel in 50% 
ethyl acetat in hexane with 1% acetic acid added to reduce tailing. Those fractions containing product were 

55 all contaminated with a compound with an R f = 0.43. Those fractions were pooled and concentrated to give 
an orange oil. Th crude product was purified via the dicyciohexylamine salt by dissolving the orange oil in 
ether and adding an equivalent of dicyclohexylamin (1.32 g., 7.27 mmol) to the solution. The dicycloh xyla- 
mine salt was obtained in 2 crops of brown crystals (1.450 gm) still slightly contaminated with impurity. The 
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crystals w re suspended in ethyl acetate and shaken with 10% potassium bisutfate (3x). The organic layer was 
then washed with water and brin , then dried over sodium sulfate filtered and cone ntrated to afford 875 mg. 
of product as a yellow oil; Rf = 0.40 (40% ethyl acetate in hexane with 1% acetic acid). 

e) [4S^4aJaJ0ap)>Octahydro^2-(are^ 
do[2,1-b1[1,3]thiazepine-7-carboxylic acid, methyl ester 

A solution of the racemic acid product from part (d) in methylene chloride and a solution of [4S- 
(4a,7a,10aP)]-octehydro-4-amino-5-oxo-7H-py^^ acid, methyl ester in 

methylene chloride are reacted in the presence of triethytamine and benzotriazol-1-yloxytris(dimethylami- 
no)phosphonium hexafluorophosphate according to the procedure of Example 23(i) to give the title product 

f) [4S-(4aJq,10aP)>OctehydK>^[P-m^ 
b][1,3]-thiazepine-7-carboxylic acid 

A solution of the product from part (e) in methanol is treated with 1N sodium hydroxide according to the 
procedure of Example 23(j) to give the title product 

Example 29 

[4S-[4g(R*)7a T 10aft]>OctahydiT>^ 
b][1,3]thiazepine-7-carboxyiic acid 

a) (S)-a-(Acetylthio)-2-thiophenepropanoic acid 

Potassium chloride (3.0 g., 40.1 mmol.) was added to a solution of p-(2-thienyi)-D-alanine (1.37 g. t 8.03 
mmol.) in 2.5 N hydrochloric acid (25 ml.) at room temperature under argon. After stirring for 10 minutes, th 
resulting mixture was cooled to 0°C and treated with sodium nitrite (720 mg., 10.44 mmol.). After 2.5 hours, 
the reation mixture was warmed to room temperature and was stirred 1 hour. The mixture was partitioned be- 
tween water and ethyl acetate and the organic layer was dried (sodium sulfate), filtered, and concentrated. 
The residue was flash chromatographed (Merck silica gel) eluting with 1 % acetic acid in 3:1 hexane/ethyl acet- 
ate to give 760 mg. of (R)-a-chloro-2-thiophenecarboxyltc acid as a yellow oil. 

Cesium thioacetate (2.95 g., 14.19 mmol.) was added to a solution containing the above chloride (750 mg., 
4.73 mmol.) in dimethytformamide (15 ml.) at room temperature under argon. After stirring for 2 hours, the re- 
action mixture was partitioned between 10% potassium bisutfate and ethyl acetate. The organic layer was 
washed with brine, dried (sodium sulfate), filtered, and concentrated and the residue was flash chromatograph- 
ed (Merck silica gel) eluting with 1% acetic acid in 4:1 hexane/ethyl acetate to give 500 mg. of the title product 
as an oil. TLC (2% acetic acid in 3:1 ethyl acetate/hexane) Rf 0.73. 

b) [4S-[4q(R*),7a,10apfrOctahydro^4-^ 

b] [!3]thiazepine-7-carboxy1ic acid, methyl ester 

A solution of the acid product from part (a) in methylene chloride and a solution of [4S-(4a,7a,10ap)]-oc- 
tahydro-4-amino-5-oxo-7H-pyrido[2,1-b][1,3]thiazepine-7-carboxylic acid, methyl ester in methylene chloride 
are reacted in the presence of triethytamine and benzotriazol-1-yloxytris(dimethy1amino)phosphonium hexo- 
f lurophosphate according to the procedure of Example 23(i) to give the title product. 

c) [4S-[4a(R*),7a, 1 0aM>Octahydro-4-[[2-mercapto- 1 -oxo-3-(2-t hienyl)propyl]amino]-5-oxo-7H-pyrido[2, 1 - 
b][1,3]thiazepine-7-carboxylic acid 

A solution of the product from part (b) in methanol is treated with 1 N sodium hydroxide according to the 
procedure of Example 23(j) to give the title product 
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Example 30 



10 



15 



20 



25 



30 



35 



40 



45 



[4S-[4q(S*)JqJ0aM}^ctahyd^ 
b][1 ,3]thiazepine-7-carboxylic acid 



a) (R)-2-(Acetylthio)benzenepropanoic acid t dicylohexylamine salt 

Following the procedure of Example 1 (h) but substituting L-phenylalanine for the D-phenylalanine, (R)-2- 
(acetylthio)benzenepropanoic acid, dicyciohexylamine salt was obtained. 



b)[4S^4q(S*)Jg,10aM>Octahydro 
b][1,3lthiazepine-7-cartX)xylic acid, methyl ester 



Astirred suspension of (R)-2-(acetyithio)-benzenepropanoic acid, dicyciohexylamine salt (353.5 mg, 0.872 
mmol) in ethyl acetate (5 ml) was washed with 5% potassium bisulfate solution (3x5 ml). The organic extracts 
were combined, washed with brine, dried (magnesium sulfate), filtered, concentrated, dried in vacuo and strip- 
ped twice from hexanes to obtain (R)-2-(acetylthio)benzeneprapanoic acid as an oil. 

The resulting free acid (1 81 .4 mg, 0.809 mmol) was dissolved in methylene chloride (2 ml) and stirred under 
nitrogen at 0°C. To this solution was added a solution of [4S-(4a,7a,10aP)}-octahydro-4-amino-5-oxo-7H-pyr- 
ido[2,1-b][1 ( 3]thiazepine»7-carboxyiic acid, methyl ester (200 mg, 0.774 mmol) in methylene chloride (6 ml), 
then triethytamine (0.113 ml, 0.813 mmol) and finally ben20triazol-1-yloxytris(dimethylamino)phosphonium 
hexafluorophosphate (360 mg, 0.813 mmol). The reaction was stirred at 0°C and then slowly allowed to warm 
to room temperature. After a total of 20 hours, the reaction was concentrated in vacuo. The residue was dis- 
solved in ethyl acetate and the solution was washed with a 5% solution of potassium bisulfate, a saturated 
solution of sodium bicarbonate, and brine. The organic layer was dried (magnesium sulfate), filtered, and con- 
centrated to a yellow solid. Purification by flash chromatography (eluting with 2:3 ethyl acetate/hexane) gave 
261 .7 mg of title product as a clear oil. 



c)[4S^4a(SVq,10apfrO(tehydi^ 
b][1,3]thiazepine-7-carboxylic acid 



Asolution of the productf rem part (b) (261 .1 mg, 0.562 mmol) in methanol (6 ml, deoxygenated via nitrogen 
bubbling) was cooled to 0°C and treated with 1 N sodium hydroxide (6 ml, deoxygenated via nitrogen bubbling). 
After stirring for one hour at 0°C while purging continuously with nitrogen, the reaction was warmed to room 
temperature. After stirring for 30 minutes at room temperature, a clear solution was obtained. After 5.5 houre, 
the reaction was acidified, to pH 1 with 5% potassium bisulfate and extracted with ethyl acetate. The organic 
layers were combined, washed with water and brine, dried (sodium sulfate), filtered and concentrated in vacuo. 
Purification by flash chromatography (6:0.01 :3.99 ethyl acetate: acetic acid:hexane) gave 1 90 mg of title prod- 
uct as a white solid; [a] D = -87.5° (c = 0.51, chloroform). TLC (6:0.01:3.99, ethyl acetate:acetic acid:hexane) 
R, = 0.20. 

HPLC: t« = 25.3 min; YMC S-3 ODS (C-1 8) 6.0 x 1 50 mm; 0% to 1 00%B:A, 30 min. linear gradient and 1 0 min. 
hold, 1 .5 ml/min; A=90% watenrtiethanol + 0.2% phosphoric acid, B = 90% methanol water + 0.2% phosphoric 
acid; 220 nm. 



Anal, calc'd for C^Hz^NA-O.IS C^OzO.IS C7HI6 . 0.39 H 2 0: 



Found: 



C, 55.89; 


H, 6.45; 


N, 6.31; 


C, 56.19; 


H, 6.50; 


N, 6.71; 



S, 14.45 
S, 13.96. 



50 



55 
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Example 31 

[4S-(4a7a,9a&frOctahydro^-n2-m^ }-5-oxopyiTolo[2,1-b1[1,3Jthia- 
z pine-7-carboxylicacid 

5 

a) (R)-2-Amino-3-(4-thiazolyl)propanoic acid 

A solution of 4N hydrochloric acid in dioxane (10 ml) was added to a solution of (R)-2-[[(1 ( 1-dimethyle- 
thoxy)carbonylJamino]"3-(4-thiazolyl)propanoic acid (2.0 g ( 7.3 mmol) in dioxane (2 ml). The reaction mixture 
10 was stirred at room temperature for 3 hours, concentrated in vacuo and the residue was dissolved in water (3 
ml). The pH was adjusted to 6.5 with 1 N sodium hydroxide and this solution was passed through 20 ml of Dow- 
ex® AG50(KT). The column was eluted with water (250 ml) followed by 2% pyridine in water (300 ml). The prod- 
uct containing fractions were concentrated in vacuo to yield 0.94 g of title product 

15 b) (R)-2-Bromo-3-(4-thiazolyl)propanoic acid 

A solution of the product from part (a) (0.516 g, 3 mmol) and potassium bromide (1.19 g, 10.1 mmol) in 
water (5.94 ml) and sulfuric acid (0.43 ml) was stirred at -1 0°C for 5 minutes followed by the portionwise addition 
of sodium nitrite (0.31 8 g t 4.61 mmol) over a 1 0 minute period. The reaction mixture was stirred an additional 
20 1 0 minutes at 0°C and at room temperature for one hour, and then extracted with ether (3 x 1 00 ml). The ether 
extracts were washed with brine (2 x 20 ml) f dried (sodium sulfate), filtered, and concentrated in vacuo to yield 
0.37 g of title product; [a] D = +37.35° (c = 0.7, methanol). A second run was carried out starting with 2.67 mmol 
of the product from part (a) using the same procedure to yield an additional 0.35 g of title product 

25 c) (S)-2-(Acetylthio)-3-(4-thiazolyl)propanoic acid 

The product from part (b) (0.72 g, 3.05 mmol) and potassium thbacetate (0.35 g, 3.05 mmoi) were stirred 
in acetonitrile (9 ml) overnight at room temperature and at 30°C for one hour. The reaction mixture was diluted 
with ethyl acetate (100 ml) and filtered. The filtrate was concentrated in vacuo. The residue was redissolved 
30 in ethyl acetate (100 ml), washed with water (2 x 50 ml) and brine (20 ml), dried (sodium sulfate), filtered and 
concentrated in vacuo to yield 0.52 g of title product; [ct] D = -15.89° (c = 0.6, methanol). 

d) [4S-(4a,7a,9aP)VOctahydro-4^ 

b] [1,31thiazepine-7-carboxylic acid, methyl ester 

35 

[4S-(4a t 7a t 9aP)J-4-Amino-octahydro-5-oxo pyrrolo[2,1-b][1,3]thiazepine-7-cart>oxylic acid, methyl ester, 
p-tduenesulfonic acid salt [0.367 g, 0.882 mmol, prepared from the material described in Example 5(d)] was 
dissolved in methylene chloride (5 ml) 0°C, followed by the addition of triethylamine (0.12 ml, 0.868 mmol). 
The product from part (c) (0.2 g, 0.865 mmol) was added to this solution followed by a second portion of trie- 

40 thylamine (0.12 ml, 0.865 mmol). Benzotriazol-1-yloxytris-(dimethylamino)phosphonium hexafluorophosphate 
(0.383 g, 0.865 mmol) was added and the reaction mixture was stirred at 0°C for one hour and a room tem- 
perature for 4 hours. The reaction mixture was concentrated in vacuo and the residue was dissolved in ethyl 
acetate (60 ml). The organic extract was washed with 5% aqueous potassium bisulfate (10 ml) and brine (2 x 
10 ml), dried (sodium sulfate), filtered and concentrated in vacuo. This crude material was chromatographed 

45 through 100 g of Merck silica gel using 0.2% methanol in ethyl acetate. The fractions enriched in the slower 
isomer were concentrated in vacuo to yield 0.134 g of title product 

e) [4S-(4aJg,9ap)]-Octahydro-4-n2-mera 
b][1,3]thiazepine-7-carboxylic acid 

so 

The product from part (d) (0.135 g, 0.29 mmol) was dissolved in methanol (3 ml) and argon was bubbled 
into the solution for 30 minutes at 0°C. 1N Sodium hydroxide (1.32 ml) also purged with argon was added to 
the above solution and the reaction mixture was stirred at 0°C with argon bubbling through the solution for 
one hour and at room temperature for 2 hours. The reaction was quenched by the addition of 5% aqueous po- 
55 tassium bisulfate (20 ml) and the rganics were extracted with ethyl acetate (3 x 50 ml). Th ethyl acetate sol- 
ution was washed with brine, dried (s dium sulfate), filtered, and concentrated in vacuo. The concentrate was 
chromatographed through 40 g of Merck silica gel using chloroform containing 5% methanol and 0.5% acetic 
acid. The appropriate fractions were combined, concentrat d and partitioned betw en 20 ml of ethyl acetat 
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and 5% aqueous potassium bisutfate. The ethyl acetate solution was washed with water and brine, dried (so- 
dium sulfate), and concentrated in vacuo. Th residue was lyophilized from dioxane (4 ml) to yield 36 mg of 
title product as a 70:30 mixture of isomers; m.p. 95 - 115°C; [a] D = -191.7° (c = 0.06, chloroform). TLC (chloro- 
form:methanol:acetic acid, 8:2:0.2) R f = 0.59. HPLC: = 3.06 min; YMC S-3 ODS (C-18) 6.0 x 150 mm, 3ji 
end capped column, isocratic 60% aqueous methanol containing 0.2% phosphoric acid, 25 min, 1.5 ml/min. 
(95.4%). 





Anal, calc'd fbrC^H^aOAO^ C 4 H 8 02 • 0.9 fyO: 


10 




C.43.59; 


H, 5.19; 


N, 9.65; 


S, 22.09 




Found: 


C.43.54; 


H, 4,89; 


N, 9.44; 


S, 21.90. 



15 



Example 32 

1000 tablets each containing the following ingredients: 



20 



25 



[4S44a(R^,7a,1 0apJJ-O<tohydro^[^ 
P,1-b][1,3]thiazepine-7-carboxyiic acid 

Cornstarch 

Gelatin 

Avicel(microcrystalline cellulose) 
Magnesium stearate 




50 



30 are prepared from sufficient bulk quantities by mixing the product of Example 3 and cornstarch with an aqueous 
solution of the gelatin. The mixture is dried and ground to a fine powder. The Avicel and then the magnesium 
stearate are admixed with granulation. The mixture is then compressed in a tablet press to form 1000 tablets 
each containing 100 mg. of active ingredient 

In a similar manner, tablets containing 200 mg. of the product of Examples 1 2, 4 to 23, 25, and 28 to 31 

35 can be prepared. 

Similar procedures can be employed to form tablets or capsules containing from 1 0 mg. to 500 mg. of active 
ingredient 



40 Claims 

1 . A compound of the formula 

45 




COOR 3 



or such a compound in pharmaceutical^ acceptable salt form, wherein: 
A is 
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O 
II 



R 2 — S— (CHjFyC^— C- 
R12 Ri 



R7OOC — (CH 2 ) q — C^- C— • R ?OOC — CH — 
R12 Ri I 



or 




XisOorS^OX; 

Ri and R 12 are independently selected from the group consisting of hydrogen, alkyl, alkenyl, cy- 
cloalkyl, substituted alkyl, substituted aikenyl, aryl, substituted aryl, heteroaryt, cycloalkylalkylene-, aryl- 
alkyiene-, substituted aryi-alkylene-, and heteroaryl-alkylene- or and R 12 taken together with the car- 
bon to which they are attached complete a cycloalkyl ring or a benzof used cycloaJkyi ring; 

R 2 is hydrogen, 

0 

0 

R 6 C 

or Rn-S- ; 

R3, R5 and R 7 are independently selected from the group consisting of hydrogen, alkyl, substituted 
alkyl, aryl-(CH2) p -, substituted aryl-(CH 2 ) p -, heteroaryHCHJp- , 



O 



0 
II 

CH — 0. — C R 9 , and 




R4 is alkyl, cycloalkyl-<CH 2 )p-, substituted alkyl, aryl-(CH2) p -, substituted aryHCHJp-, or heteroar- 
yi-(CH2) p -; 

R« is alkyl, substituted alkyl, cycloalkyKCHzV, aryi-(CH2) p -, substituted aryHCHJp-, or heteroar- 
yi-(CH2) p s 

Re is hydrogen, lower alkyl, cycloalkyl, or phenyl; 
R 9 is hydrogen, lower alkyl, lower alkoxy, or phenyl; 
R 10 is lower alkyl or aryl-(CH 2 ) p -; 

Rn is hydrogen, alkyl, substituted alkyl, cycloalkyKCHJp-, aryl-(CH 2 ) p -, substituted aryKCH^p-, 
heteroaryl-(CH 2 ) p -, r -S-R^ completes a symmetrical disulfide wherein R^ is 
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-(CHa)KC-c— f T y 

Rl2 Rl H 0 COOR3 



mis zero prone; 

Y is CH 2i S-(0)t or O provided that Y is S-<0)t or 0 only when m is one; 
n is one or two; 

p is zero or an integer from 1 to 6; 
q is zero or an integer from 1 to 3; 
r is zero or one; and 
t is zero, one, or two. 

A compound of Claim 1 having the formula 




wherein: 
A is 



0 
l) 



r 2 -s-(ch 2 r^c— c- 

R 12 Ri 



R 2 is hydrogen, 




or Rn-S-; 

R 3 is hydrogen or lower alkyl of 1 to 4 carbons; 
r is zero or one; 

Ru is lower alkyl or 1 to 4 carbons; 

Ri is aryl-CH r , substituted aryi-CH 2 -, heteroaryl-CH r , cydoalkyl-CH 2 - wherein cycloalkyl is of 3 
to 7 carbons, or straight or branched chain alkyl of 1 to 7 carbons and R 12 is hydrogen; or Ri and R 12 taken 
together with the carbon to which they are attached complete a cycloalkyl ring of 5 to 7 carbons; 

Re is lower alkyl of 1 to 4 carbons or phenyl; 

n is one or two; 

m is zero or one; 

XisOorS;and 

YisCH 2 , 0, or S provided that Y is O or S only when mis n . 

A compound of Claim 2 wherein: 
R 2 is hydrogen or 
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H 3 C C — 



R 3 ishydrog n; 
r is zero or one; 

Ri is benzyl, cyclopropytmethyl, or straight or branched chain alkyl of 3 to 5 carbons; 
R 12 is hydrogen; 
n is one or two; 
mis zero or one; 
X is O or S; and 

Y is CH 2l O, or S provided that Y is O or S only when m is one. 

A compound of Claim 3 wherein: 
XisS; 
YisCH 2 ; 
n is two; 
m is one; 
r is zero or one; 
R 2 is hydrogen; 
Ri is benzyl or isobutyl; and 
R 12 is hydrogen; or 
XisS; 

Y is CH 2 ; 
n is one; 
m is one; 
r is zero; 

R 2 is hydrogen; 
Ri is benzyl; and 
R 12 is hydrogen; or 
XisS; 

Y is CH 2 ; 
n is two; 
m is zero; 
r is zero; 

R 2 is hydrogen; 

Ri is benzyl, cyclopropylmethyl, n-butyl, isobutyl, n-propyl, or-CH 2 C(CH 3 ) 3 ; and 

R 12 is hydrogen; or 

XisO; 

Y is CH 2 ; 
n is two; 
m is one; 
r is zero; 

R 2 is hydrogen; 
Ri is benzyl; and 
R 12 is hydrogen; 
Xis O; 

Y is CH 2 ; 
n is two; 
m is zero; 
r is zero; 

R 2 is hydrogen; 
Ri is benzyl; and 
Ri 2 is hydrogen; 
X is O; 
Yis O; 
n is two; 
m is one; 
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r is zero; 
R 2 is hydrogen; 
Rt is benzyl; and 
R 12 ishydrog n; 
XisS; 
Yis O; 
nis two; 
m is one; 
r is zero; 
R 2 is hydrogen; 
Ri is benzyl; and 
R 12 is hydrogen. 

The compound of Claim 4: 

[4SH4a(RVa.10aPl>O(^hydro^[(2-mercapto-1-oxo-3-phenylpropyl 
b][1,3]thiazepine-7-carboxytic acid; 

[4^4a(R*)JoJOap]J-octohydrt)4-[(2-mercapto-1-oxo-3-phenylpropyl]aminol-5-^^ 
b][1,3]thiazepine-7-carboxylic acid t 1 t 1-dimethylethylamine salt; 

[4^4a(SVa.10aMH>ttehydi^ 
b][1,3]thiazepine-7-cart>oxylic acid; 

[4S^4a(R*)JaJ0aWJ^tahydro^[[2-(mercaptDmethyl>-1-oxo-3-p 
dop f 1-b][1,3]thiazepine-7-carboxyiic acid; 

[4S^4a(R*)JaJ0aMHctahydro^methyl-1-oxopertyl)aminol-6-oxo-7H-pyri 
7-carfooxylic acid; 

[3R^3a(s*),6a,9ap]]-hexahydro-3^ 
b][1,3]thiazine-6-carboxylic acid; 

[4S44a(R*) Ja,9apD-o<tehydro^[(2-mercapto-1^xo-3-pheriylpro -b][1 t 3]thia- 

zepine-7-carboxylic acid; 

[4^4a(R*) f 7a,9apj-octahydro-4-[(3-cydopropyl-2-mercapto-1-oxopropyl)a 
b][1,3Jthiazepine-7-carboxylic acid; 
[4S44a(R*)Ja,9apfroctahy^ 
carboxylic acid; 

[4S44a(RV«.9aMH><tehydro4^ 
zepine-7-carboxylic acid; 
[4S^4a(RV<*.9ap]]-octahyd 
7-carboxylic acid; 
[4S^(RV*9affl}-octahy^^ 
zepine-7-carboxytic acid; 

[4S^4a(R*)Ja f 10apj]^(^hydro^-[(2-mercapto-1-oxo-3-phenylpropyl)aminol-5-oxo-7H-p 
bj[1 ,3]axazepine-7-carboxylic acid; 

[4S^4a(R*)Ja,9ap]]K)ctehydro^[(2-mercapto-1-oxo-3-phenylpropyl)amino]-5-oxop^^^^ 
3]oxazepine-7-carboxylic acid; 

[4S-[4a(R*),7a, 1 0aPl]-octahydro,4-[(2-mercapto-1 -oxo-3-phenylpropyl)amino]-5-oxD[1 ,4]oxazino[3 t 4-b][1 , 
3]oxazepine-7-carboxyiic acid; or 

[4S^4a(R*)JaJ0api]-octahydro^[(2-mercapto-1-oxo-3-phenylpropyl)amirTO^ 
3]thiazepine-7-cart>oxytic acid. 

The compound of the formula 
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H 




or such a compound in pharmaceutical^ acceptable salt form. 

A pharmaceutical composition for use in the treatment of cardiovascular disease such as hypertension 
and congestive heart failure comprising a pharmaceutical^ acceptable carrier and one or more com- 
pounds of the formula 




or such a compound in pharmaceutical^ acceptable salt form, wherein A. X, Y, n, m and R3 are as defined 
in Claim! 

A compound of the formula 




or such a compound in salt form wherein: 
X is O or S; 
n is one or two; 
m is zero or one; 

Y is CH 2 , O, or S provided that Y is O or S only when m is one; 
R 3 is hydrogen, lower alkyl, or aryHCHJp-; and 
p is zero or an integer from 1 to 6. 

A process for preparing the compounds of the formula 
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which comprises: 
a) when A is 



0 

HS— (CH 2 > r -C^-C — 
*u Ri 



and R 3 is hydrogen, coupling the acylmercapto sidechain of the formula 

II II 
RT C — S (CH 2 ) r -C — C - OH 

or an activated form thereof with the amine of the formula 




COORi 



in the presence of a coupling reagent wherein X, Y, m, n, Re, r, R 1( and R 12 are as defined in Claim 1 
and R 3 is hydrogen or an acid protecting group followed by removal of the acyl group 

0 
tt 

R€— C — 

and the R 3 acid protecting group; 
b) when A is 



ii 

R?OOC— (CH 2 ) q — C^- C" 



R« Ri 

coupling the carboxylic acid of the formula 



R7OOC — (CH 2 ) q — C^-C -OH 
R 12 R x 

or an activated form thereof with the amine of the formula 
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in the presence of a coupling reagent wherein X, Y t m, n, and R 12 are as defined in Claim 1 , and R 3 
and R 7 are acid protecting groups; 
c) when A is 



R7OOC — CH — 
I 

and R 3 is hydrogen, reacting the keto acid or ester of the formula 



0 O 
II U 
R7O— C- C— Ri 



under reducing conditions or the trif late of the formula 



0 OS0 2 CF 3 

ii 

R7O — C CH R x 



with the amine of the formula 




COOR3 



wherein X, Y, m, n, R 7 and R 1 are as defined in Claim 1 and R 3 is an acid protecting group followed by 
removal of the R 3 acid protecting group; and 
d) when A is 



0 
II 




and R 3 is hydrogen, coupling a phosphonochloridate of the formula 

o 
II 

R 4 — P-Cl 
OR 5 
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Ay 



withth amine of the formula 



lCH 2 )m 

H 2 N 

0 COOR 3 

10 

wherein X, Y, m, n, and R4 are as defined in a aim 1 and R 3 and R 5 are acid protecting groups followed 
by removal of the R 3 and R5 acid protecting groups. 

1 0. A process for preparing the compounds of the formula 

15 

^ X 

(CH 2 ) n 



20 




I I I 

H 2 N T J 



COOR, 



wherein: 
25 X is 0 or S; 

n is one or two; 
mis zero or one; 

Y is CH 2 , 0 or S provided that Y is 0 or S only when m is one; and 
R 3 is an acid protecting group; 
30 which comprises: 

a) coupling an amino acid of the formula 

r p! 

35 (CHj)„ 

T 

Pi N— CH COOH 

40 with the amino acid ester of the formula 



HCHo-alkyl) 2 

45 CH 2 

I 

Y 



50 (CH 2 )m 

H 2 N CH— COOR 3 

55 to give the dipeptide 
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HC-f-0-alkyl) 2 



CH 2 



x-p 2 



Y 



C p } n (CH 2 ) m 

Pi N — CH C — N CH COOR3 

0 H 



wherein: 



Pi is an amino protecting group or a group which together with the N-atom forms a protecting 
group; and 

P 2 is a hydroxy or mercapto protecting group; 

b) selectively removing the P 2 protecting group from the product of part (a); 

c) cydizing the product of part (b) to give 



and 

d) removing the protecting group of the product of part (c) to give the desired product 

11. A process of Claim 10 wherein: 
X is S; 

n is one or two; 
Y is CH 2 ; 
m is zero or one; 
which comprises: 
a) coupling an amino acid of the formula 




O 



COOR3 



O — 



CCH 2 ) n 



N — CH COOH 



with the amino acid ester of the formula 
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HCMo-alkyl): 
(CH 2 ) 2 



(CH 2 ) a 
H 2 N CK— COOR, 



to give the dipeptide of the formula 



HC-f 0-alkyl) 2 
O-P2 (CH 2 ) 2 

(£H 2 ) n (CH2L 

f I 

p i N— CHr"C -N— CH — COOR3 

0 H 

wherein: 

Pi is an amino protecting group or a group which together with the N-atom forms a protecting 
group; and 

P 2 is a hydroxy protecting group; 

b) selectively removing the P 2 protecting group from the product of part (a) to give the corresponding 
hydroxy compound; 

c) converting the hydroxy product from part (b) to the mercaptan of the formula 



HC -f-0-alkyl) 2 



SH (CH 2 ) 2 

<™2>n (CH 2 ) a 

Pi N— CH r-C —N — CH —COOH 

0 H 

d) cydizing the mercaptan product of part (c) to give 



Pl-N 




COOR3 



and 

e) removing th P 1 protecting group from the product of part (d) to giv the desired product. 
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12. A process f Claim 10 wherein: 
XisS; 
n is two; 
Y is S or O; and 
m is one; 
which comprises; 

a) coupling an amino acid of the formula 



10 O — P 2 



15 



20 



25 



30 



<CH 2 ) 2 

T 

Pi N — CH COOH 



with the amino acid ester of the formula 



HC-( 0-alkyl) 2 

H 2 C 
I 

Y 



CH; 



f 

H 2 N CH— COOR 3 



to give the dipeptide of the formula 



HC-t 0-alkyl) 2 



40 



35 



r* 1 

» T 

Pi N — CH C— N CH COOR3 

45 II | 

0 H 

wherein: 

P A is an amino protecting group or a group which together with the N-atom forms a protecting 
so group; and 

P 2 is a hydroxy protecting group; 

b) selectively removing the P 2 protecting group from the product of part (a) to give the corresponding 
hydroxy compound; 

c) conv rting the hydroxy product from part (b) to the mercaptan of the formula 

55 
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HC-tO-alkyl) 2 



SH 



CH 2 



10 



(CH 2 )n CH 2 
Pi N— CH — C— N — CH COOR 3 



0 H 

15 d) cyciizing the mercaptan product of part (c) to give 



20 

Pl-Nl 

O COOR3 . 

and 

e) removing the Pi protecting group from the product of part (d) to give the desired product 
1 3. A process for preparing the compounds of the formula 

30 




25 



35 



0 COOR3 



wherein: 
40 XisOorS; 

n is one or two; 
m is zero or one; and 
R 3 is an acid protecting group; 
which comprises: 
45 a) coupling an amino acid of the formula 



so 



<CH 2 ) n 

f 

Pi N — CH COOH 

with the hydroxy amino acid ester of the formula 



55 
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CH 2 -OH 



10 



15 



20 



30 



40 



45 



50 



55 



«jH 2 ) 2 
(CH 2 ) n 
H 2 N CH— COOR3 



to give the dipeptkJe of the formula 



CH 2 -OH 

X-P 2 <CH 2 ) 2 

1 I 

(CH2)n (CH 2 ), 

Pi N— CH — C— N CH COOR3 

O H 



' in 



wherein: 

25 ?i is an amino protecting group or a group which together with the N-atom forms a protecting 

group; and 

P 2 is a hydroxy or mercapto protecting group; 
b) oxidizing the hydroxy product of part (a) to the aldehyde of the formula 



HC=0 



X-P 2 (C3i 2 )2 
1 I 

Pi N — CH C — N CH COOR 3 



I 

O H 



c) selectively removing the P 2 protecting group from the aldehyde product of part (b); 

d) cyclizing the product of part (c) to give 

Pl-N»-L -N. (CH 2 )„ 

i Y 

O COOR3 

and 

e) removing the Pi protecting group of the product of part (d) to give the desired product. 
14. A process for pr paring the compound of the formula 
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t 

S— C— 

<CH 2 ) 2 
Pi — N— CH-COOH 

wherein P 1 is a nitrogen protecting group and Re is as defined in Claim 1 which comprises 

a) reacting L-methionine to introduce the P, protecting group; 

b) esterif ying the product from part (a) for example, by treatment with an alcohol, alkykOH, in the pres- 
ence of an acid catalyst to give 

S CH 3 

<CH,h 

T 

Pi — N— CH- COOalkyl 



c) reacting the ester product of part (b) with an oxidixing agent such as N-chlorosuccinimide in an aqu- 
eous solvent to give 



S— CH 3 
I 

(CH 2 ) 2 
1 

Pi — N—CH- COOalkyl;. 

d) treating the sulfoxide product of part (c) with an acid anhydride of the formula 

0 0 
II II 
R € — C — 0— C — R$ 

to give 



S CH 2 — O— C— R6 

<CH 2 ) 2 

T 

P x — N— CH-C00al3cyl 

and 

e) treating the product of part (d) with an alkali metal hydroxide followed by removal of formaldehyde, 
and tr atment with an acid anhydride or acid haiid to give the desired product 

A process for preparing the compound of the formula 
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10 



15 



20 



25 



35 



40 



45 
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CH 2 -OH 
I 

«jH 2 >2 
{CH 2 ) B 

T 

H 2 N CH— COOR 3 

wherein m is zero or one and R 3 is zero or one and R 3 is an easily removable ester protecting group which 
comprises: 

a) reacting a solution of diethylacetamido malonate with a base such as sodium hydride followed by 
reaction with a haloalkyiacetate of the formula 



O 

halo <CH 2 *E— <CH 2 *T-CH2 O C — CH 3 

wherein halo is Br, I, or CI to give 

0 
II 

H2C-O-C-CH3 
C?H 2 ) 2 



II I 

« H 3 C — C — NH- C— COOC2H5 

I 

COOC 2 H 5 



b) treating the product of part (a) with sodium hydroxide and heat and then acid and heat to give 

H 2 C-OH 
(CH 2 ) 2 



0 <fH 2 ) m 

II I 

H 3 C C — NH-CH-COOH ; 

c) treating the product of part (b) with a hydrotyzing enzyme such as porcine kidney acyiase to give 

H 2 C-OH 

1 

(CH 2 ) 2 



(CH2),; 
H 2 N CH-COOH 



and 
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d) treating the product of part (c) to inttoduce the R 3 group and giv the d sired product 
16. A process for preparing the compound of the formula 

HCHo-alkyl) 2 

«|h 2 ) 2 

H 2 N CH— COOR3 

i$ wherein m is zero or one and R3 is an acid protecting group which comprises: 
a) reacting the aldehyde of the formula 



10 



20 



25 



35 



40 



45 



H(j=0 

(CH 2 ) B 
P 3 — N— CH— COOR3 



wherein P 3 is an N-protecting group or a group which together with N-atom forms a protecting group 
with the orthoformate of the formula 
30 HC {0-alkyl) 3 

in the presence of an acid catalyst and the alcohol of the formula 

alkyl-OH 



to give 



-alkyl) 2 



(JH 2 ) 2 
(CH 2 ) W 
P3— N— CH— COORi 



and 

b) selective removal of the P 3 protecting group from the product of part (a) to give the desired final prod- 
uct 

53 17. A compound of any one of claims 1-6 for use as an active pharmaceutical substance. 

18. Use of a compound of any one of claims 1-6 for the manufacture of a medicament for treatment of car- 
diovascular disease. 

55 
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